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Introduction and Review of Literature 
 
 
Environmental pollution is the most horrible ecological crisis that man is 
facing today. Pollution is a global threat to the environment and it becomes a scare 
word of today’s world. The rapid growth of human populations fuelled by 
technological developments in health and agriculture has led to a rapid increase in 
environmental pollution. The unprecedented population increase and industrial 
development during the 20th century has not only increased conventional solid and 
liquid waste pollutants to critical levels but also produced a range of previously 
unknown pollution problems for which society was unprepared.  
The creators of pollution – “pollutants” are grouped in to 2 types:  
1. Natural pollutants: Certain pollutants such as CO2, CO, SO2, Hg and other 
trace elements are the consequence of life processes being produced through 
respiration, faeces, urine and biomass decomposition.  
2. Synthetic or xenobiotic pollutants: Vast array of synthetic pollutants are the 
product of urbanization and industrial growth. They include pesticides, 
detergents, pharmaceutical, cosmetic products, organic acids, aerosols, metals, 
etc. Several of these compounds are extremely stable and persist in the 
environment for a considerable period posing serious environmental hazards. 
From the ecosystem viewpoint, these pollutants can be classified into two basic 
types- biodegradable pollutants and nondegradable pollutants [1]. The biodegradable 
pollutants includes domestic sewage as it can be rapidly decomposed by natural 
processes or in engineered systems (Municipal Sewage Treatment Plant) that enhance 
nature’s great capacity to decompose and recycle. Biological pollutants are 
biodegradable substances which can be considered one of the 'cleanest' pollutants; 
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however rate of accumulation currently in an area which is bigger than the rate of 
decomposition has made this an undisputable contributory factor to pollution.  
The material and poisons, such as aluminium cans, mercurial salts, long-chain 
phenolic chemicals and DDT that either do not degrade or degrade only very slowly 
in the natural environment, are called nondegradable pollutants. Non-biodegradable 
pollutants have complex chemical structures which accumulate and persist in soil, 
water and air can become toxic, thus a hazard which in turn affects the physiology of 
living organisms in the contaminated ecosystems. Of the almost 10 million chemicals 
known today, approximately 100, 000 chemicals are used commercially. Aromatic 
compounds are abundant in the biosphere as components of complex polymer lignin 
and as environmental pollutants such as PAH (Polycyclic Aromatic Hydrocarbons) 
(Table 1.1).  
Life on this planet is based on continuous cycling of elements. In recent years 
the massive mobilization of natural resources and the industrial synthesis of chemicals 
have generated a number of environmental problems as a consequence of the limited 
incorporation of natural and synthesized molecules into ongoing biological cycles [2]. 
This is particularly true for xenobiotic compounds, which exhibit structural 
elements or substituents that are rarely found in natural products. The chemical 
properties of xenobiotic compounds determine their toxicity, persistence in the 
environment, and the manner in which they are degraded by microorganisms. Apart 
from chloramphenicol, nitropyoluteorin [3], oxypyrrolnitrin [4] and phidolopin [5], no 
other natural nitroaromatic compound has been described to date, which probably 
explains why nitroaromatic compounds are relatively refractory to biological 
degradation and why xenobiotic compounds are not easily incorporated into biogenic 
element cycles, with the consequent impact on living organisms and ecosystems [2].  
Xenobiotic pollutants accumulate and are biologically magnified and create a 
major problem of Biomagnification and Bioaccumulation. Bioaccumulation means 
increase in concentration of pollutants from the environment to the first organism in a 
food chain. Biomagnification means increase in concentration of pollutants from one 
link in food chain to another. Because of the biomagnification of halogenated 
hydrocarbons through the food chain high concentrations have accumulated in 
population. A combined event of (a) free flow and emission of non biodegradable 
industrial discharge and noise disturbances due to usage of heavy machineries; (b) 
illegal dumping and spraying of toxic and hazardous chemicals on land and water;  
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Table 1: List of pollutants and their effect 
 
Types  Characteristics Uses Sources:  Effects 
Persistent 
Organic 
Pollutants 
(POPs) 
-Highly stable 
organic 
compounds 
-Accumulates 
in most fatty 
tissues of living 
organisms 
-Semi volatile  
 -As starting 
materials for the 
synthesis of 
plastics, paints, 
pesticides, resin and 
dyes 
-As solvents for the 
paints, dyes, resins, 
rubber and plastics
used in aviation and 
automotive fuels  
-Disposal in 
landfill and 
in sewage 
treatment 
plant 
-Ash and 
gases from 
incinerators  
-Toxic 
characteristics 
are persistent, 
and 
bioaccumulate  
Polychlorinated 
Biphenyls 
(PCBs) 
-Forms clear to 
yellow, oily 
liquids to 
white, 
crystalline 
solids and hard 
resins 
-Change in 
original 
geographical 
landscape  
-Used in insulating 
fluids of electrical 
system  
-Multiple 
application in 
synthesis of foam, 
herbicides, 
insecticides and 
explosive  
Evaporative 
loss into 
atmosphere 
such as leaks 
of heat 
exchanger 
fluid and 
industrial 
fires  
-Irritates eyes 
and nose and 
throat  
-Acne-like 
skin rash 
-Damage 
reproductive 
and nervous 
systems,  
-Liver damage  
Persistent 
Bioaccumulative 
Toxic Pollutants 
(PBTs) 
 
 
 
 
 
 
 
 
 
 
 
-Non-
biodegradable 
-Highly toxic 
-Ability to 
travel long 
distances 
-Transfer easily 
through air, 
water and land 
-Target organs: 
central nervous 
systems, 
reproductive 
organs, 
chromosomes  
-Aldrin/Dieldrin 
Insecticide and 
byproduct of 
pesticide aldrin 
-Benzo(a)pyrene 
Byproducts of 
incomplete 
combustion 
-Chlordane 
Pesticide and 
fumigating agent 
-
Hexachlorobenzene 
Pesticide 
Fungicide 
  
Agricultural 
run off and 
discharges 
from 
industries 
and 
domestic 
treatment 
plants 
 
 
-Decrease 
effectiveness 
of immune 
system 
-Increase 
infant 
mortality 
-Cause cancer  
-Damages to 
kidney 
-Skin disorders 
-Harms the 
endocrine, 
nervous, 
digestive and 
liver systems   
 
and (c) mismanagement in regulation of treatment and control of heat and radioactive 
substances; will lead to high density toxicity concentration in soil, water and air. The 
impacts of this are: 
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1. Fertile land becoming poisonous for living organisms, in underground and 
agriculture practice nutrients are lost, locked up or becomes toxic  
2. Aquatic ecosystem depletes further and non-consumable water supplies  
3. Detrimental health to psychological and physiological being of organisms in 
ecosystems  
Among the types of pollution, the one that has existed longer than any other is 
water pollution. Water covers over 70% of the Earth’s surface and is a very important 
resource to people and the environment. Water pollution affects drinking water, 
rivers, lakes and oceans all over the world. Water pollution has many sources. The 
most polluting of them are the city sewage and industrial waste discharged into the 
rivers. Agricultural run-off, or the water from the fields that drains into rivers, is 
another major water pollutant as it contains fertilizers and pesticides.  
Water pollution control is presently one of the major areas of scientific 
research. Most often our waterways are being polluted by industrial wastes of petro-
chemical, oil refineries, paper, textile, etc includes toxic synthetic chemicals like dyes, 
metals, petroleum, alkali, phenols and many other inorganic and organic toxicants 
which cannot be broken down at all by natural processes.  
Most of industrial plants do not recycle wastewater, which carries heavy metal 
and organic compounds in the river. Most major industries have treatment facilities 
for industrial effluents, but this is not the case with small-scale industries, which 
cannot afford enormous investments in pollution control equipment as their profit 
margin is very slender. The facilities to treat waste water are not adequate in any city 
in India. Presently, only about 10% of the waste water generated is treated; the rest is 
discharged as it is into water bodies.  
The greatest environmental polluter is the chemical industry, of which only a 
relatively small part pertains to the organic colorants industry (3-4%) [6-7]. 
Chemicals can cause problems with the taste, odour and colour in water. The effluents 
of pharmaceutical industries, dyeing, printing, photographs, textile and cosmetics 
contain dyes [8].   
Dye effluents are one of the major pollutants released to the environment, 
mainly by textile and dyestuff industries. Wastewaters from textile industries are a 
complex mixture of many polluting substances such as organochlorine based 
pesticides, heavy metals, pigments and dyes. Over 7 X 107 tons dyes are produced 
annually worldwide approved in jackets industrial digest 1st June 2000, of which 
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about 10-15% is lost in industrial effluent [9]. The extensive use of textile dyes has 
put forth three problems, (1) stemming from the carcinogenic, mutagenic, allergenic 
and toxic nature of these dyes [10]. Dyes are usually recalcitrant to microbial 
degradation, since they contain azo, nitro or sulfo groups, and their residues 
accumulate in the biota. Another reason for resistance to microbial degradation is 
these dyes retain their color and structural integrity under exposure to sunlight, sweat, 
water, many chemicals including oxidizing agents and soil so they also exhibit a high 
resistance to microbial degradation in wastewater treatment systems. (2) Textile 
effluents have toxic effect on the germination rates and biomass of several plant 
species, [11, 12]. (3) Textile manufacturing consumes a considerable amount of water 
primarily in the dyeing and finishing operations. Considering both the volume and 
composition of the effluents, the textile industry is rated as the most polluting 
industrial sector [13]. Moreover, azo dyes as well as their breakdown products are 
cytotoxic [14] or carcinogenic [15]. Due to their aesthetic nuisance and toxicity, they 
are major environmental concern [16].  
Textile dye industry 
The distribution of global dyestuff market has changed during the last decade, 
with Asia being the largest dyestuff market today (about 42%). Even though the dye 
industry is characterized by a large number of producers (about 2000 worldwide), just 
four Western companies accounted for nearly half of the market in 2000 [17]. 
In India, an average mill producing 60×104 m of fabric per day is likely to 
discharge approximately 1.5 million liter per day of effluent [18] and the dyes 
containing wastewaters are drained into natural water bodies without proper 
treatment. Textile industries consume substantial volume of water and chemicals for 
wet processing of textiles. These chemicals are used for designing, scouring, 
bleaching, dyeing, printing and finishing. They range from inorganic compounds and 
elements to polymers and organic products [19]. 
Textile dye characteristics 
 Dyes are usually aromatic and heterocyclic compound. The history of the 
colour chemical compounds (dyes) goes back over a hundred years. William Henry 
Perkin synthesized the first dye, Mauve by accident in 1856 from aniline derived from 
coal. W. H. Perkin commercialized his innovation and developed the production 
processes for his dyes. Chemically a dye is an organic unsaturated cyclic compound 
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(benzene ring) containing both chromophore and auxochrome groups. Chromophore 
is responsible for producing a color because of its capability to absorb light in the near 
ultraviolet region. Some important chromophores are -N=O-, NO2, -N=N-, -C=O-, -
C=S-, -C=N- and (CH-CH)n. Auxochrome groups form chemical bond for attachment 
of dye to fiber and examples are -OH, -COOH, -SO3H (all acidic), -NH2, -NHR, -NR2 
(all basic). Practically dyestuff is made from one or more of the compounds obtained 
by the distillation of coal tar. The chief of these are benzene (C6H6), toluene 
(C6H5CH3), naphthalene (C10H30), anthracene (C14H10), phenol (C6H5OH), cresol 
(C7H7OH), acridine (C13H9N) and quinoline (C9H-N). These compounds are different 
from the actual dyestuff, and they must first be changed into other compounds called 
intermediates. These intermediates are hydrocarbons in which one or more of the 
hydrogen atoms are replaced by groups such as nitro group (-NO2), amino group (-
NH2), hydroxyl group (-OH), sulfonic acid group (-OSO3H) and others. Examples of 
such compounds are nitrobenzene (C6H5.NO2), aniline (C6H5.NH2), β-napthol 
(C10H7.OH) and β-napthalenesulfonic acid (C10H7.SO3H) [20].  
Dyes known to be hazardous 
Some reactive dyes are recognized respiratory sensitizers which can cause 
occupational asthma. Some dyes can cause allergic reactions. A small number of 
dyes, based on the chemical benzidine, are thought to possibly cause cancer. As early 
as 1895 increased rates in bladder cancer were observed in workers involved in dye 
manufacturing [21]. 
Toxicity Considerations  
 An investigation of several hundred commercial textile samples revealed that 
nearly 10 percent were mutagenic in the Ames test [22]. Other concerns are the 
impurities in commercial dye products and the additives used during the dyeing 
process. Many textile effluents contain heavy metals that are complexed in the azo 
dyes. High concentrations of salts are often used to force fiber-reactive dyes out of 
solution and onto substrates [23]. These compounds can cause high electrolyte and 
conductivity concentrations in the dye wastewater, leading to acute and chronic 
toxicity problems. An oscillation between the double and single bonds occurs along 
the conjugated molecular chain; therefore, as the chain becomes longer, the vibration 
rate becomes slower resulting in a slower kinetic degradation rate [23, 24, & 25]. 
Reactive dyes are very soluble in water and, therefore, are poorly adsorbed [25]. Any 
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additional chemicals that are added during the dye application, such as salts or 
detergents, will affect the wastewater and subsequently the treatment process.  
Dyestuffs can be classified according to origin, chemical and/or physical 
properties and characteristics related to the application process. Numerous structures 
of dyes exist.  According to Shore, most of the dyes and pigments in the Color Index 
are placed in one of the 25 structural classes according to their chemical type. All are 
assigned a Color Index classification number. Table 1.2 illustrated the classes of 
organic dyes and structure of respective colorant.  
A second classification of dyes is based on their mode of application to 
textiles, such as: acidic, basic, direct, disperse, reactive, mordant, sulfur, and vat dyes 
[26]. The major classes of synthetic dyes normally used include azo, anthraquinone, 
and triphenylmethane dyes. 
Azo dyes 
Azo dyes predominate and are the largest class of dyes with the greatest 
variety of colors [1, 27-29]. Among the entire chemical groups, 60-70% is azo dyes 
[30]. Among all synthetic dyes, azo dyes are the most common, being used up to 90% 
of the time, because they are versatile and easy to synthesize. They have become a 
great concern in effluent treatment due to their color, biorecalcitrance, and potential 
toxicity to environment and human [31]. Most of the azo dyes which are released into 
the environment originate from the textile industry and the dyestuff manufacturing 
industry [29, 32]. Azo dyes can also be found in the food, pharmaceutical, paper and 
printing, leather, and cosmetics industries.  These compounds are characterized by 
aromatic moieties linked together with azo groups (-N=N-). Azo dyes contain a least 
one nitrogen-nitrogen (-N=N-) double bond, however many different structures are 
possible [23]. Azo dyes are subdivided into four sections. Classification of the four 
sections depends on the number of azo groups within the dye molecule.  Monoazo 
dyes have only one -N=N- double bond, while diazo and triazo dyes contain two and 
three -N=N- double bonds, respectively. The depth of color is related to the molecular 
structure of the dyes, which is related to the chromophores (-N=N- or >C=O-) 
involved within the structure.  The azo groups are generally connected to benzene and 
naphthalene rings, but can also be attached to aromatic heterocycles or enolizable 
aliphatic groups [23]. These side groups are necessary for imparting the color of the 
dye, with many different shades and intensities being possible [33]. Substituted  
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Table: 2 Classes of organic dyes: structures of representative colorants 
 
benzene and naphthalene rings are common constituents of azo dyes, and have been 
identified as potentially carcinogenic agents [34].  
The absorption and reflection of visible and UV irradiation is ultimately 
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responsible for the observed color of the dye [23]. The sulphonic acid groups that are 
introduced to increase the water solubility of the dye and the azo group 
(chromophoric group) confer resistance to microbial attack, making them recalcitrant 
to oxidative decolorization [35-39]. World wide production of organic dyes is 
currently estimated at nearly 450,000 tons, with 50,000 tons being lost in effluents 
during application and manufacture [40]. This list is based on an extensive review of 
the literature regarding azo dye toxicity, and places each mechanism in order of their 
frequency of citation. Brown and De Vito postulate that [41]:  
 Azo dyes may be toxic only after reduction and cleavage of the azo linkage, 
producing aromatic amines. 
 Azo dyes with structures containing free aromatic amine groups that can be 
metabolically oxidized without azo reduction may cause toxicity. 
 Azo dye toxic activation may occur following direct oxidation of the azo 
linkage producing highly reactive electrophilic diazonium salts.  
These xenobiotic compounds are known to be problematic regarding color removal.  
Anthraquinone dyes 
Anthraquinone dyes constitute the second largest class of textile dyes, after 
azo dyes and are used extensively in the textile industry due to their wide variety of 
color shades, ease of application, and minimal energy consumption [42, 43]. The 
general formula shows the chromophore to be a quinoid ring. This class of dyes may 
have either hydroxyl groups or amino groups attached to the general structure.  
Triphenylmethane dyes 
Triphenylmethane (TPM) textile dyes have complex aromatic molecular 
structure and resist degradation in the environment, resulting in direct and indirect 
exposure of the human population to high concentrations of these dyes. TPM dyes are 
used extensively in the textile, food, paper and cosmetic industries. The coloured 
effluent of these industries apart from causing aesthetic nuisance, are potential 
pollutants as some of the dyes, dye precursors and dye degradation products have 
been reported to be carcinogenic and mutagenic in nature [44-47]. The TPM dye 
malachite green (Basic Green 4, CI 42000) is highly soluble in water and has long 
been used in the aquaculture industry as a fungicide, parasiticide, ectoparasiticide and 
disinfectant [48, 49]. It is also used extensively for dyeing silk, wool, jute, leather, 
ceramics, and cotton [50] and as a cytochemical staining agent [51]. It is highly toxic 
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to mammalian cells [52-54], at concentrations as low as 0.1 mg/ml and also acts as a 
liver tumor-enhancing agent [55]. Malachite green is similar in structure to 
carcinogenic triphenylmethane dyes. The leuco form of rosaniline induces renal, 
hepatic, and lung tumors in mice [52]. 
Methods of decolorization  
The treatment of textile effluents is of interest due to their toxic and aesthetic 
impacts on receiving waters. While much research has been preformed to develop 
effective treatment technologies for wastewaters containing azo dyes, no single 
solution has been satisfactory for remediating the broad diversity of textile wastes. 
Human and ecological health concerns have prompted the government to require 
textile effluent discharges to have increasingly lower color and nitrogen levels. 
Despite being aware of the problem, many textile manufactures have failed to 
adequately remove azo dye compounds from their wastewaters. 
Methods of treating azo dyes fall into three broad categories: physical, 
chemical, and biological.  
By means of physical technique, the flocs can be separated from the liquids. 
With adsorption techniques are probably more economic when the adsorbents used 
are cheap, such as fly-ash, 4-bentonite and clays. The photo catalysis using UV-light 
with TiO2 or ZnO as catalysts enables decolorization, and transformation or 
mineralization of several azo dyes [56, 57]. Some azo dyes have been identified as the 
most problematic compounds in textile effluents as they are difficult to remove due to 
their high water solubility and low exhaustion [58]. So purification of azo dye 
wastewater has become a matter of great concern, and several advanced treatment 
methods, such as color adsorption by activated carbon, had been suggested. 
Nevertheless it is not widely applied because of the high cost. However, this 
technique has limitations in producing good quality effluent and also sludge handling 
problems as this may generate a great amount of sludge.  
Chemical methods involve adding chemicals into industrial effluents to break 
up azo dyes into tiny spheres that float or sink, or using ion exchange to enable the 
dyes to stick to resin. Irradiation and oxidation are also used. Chemical oxidation uses 
strong oxidizers such as ozone, hydrogen peroxide or chlorine dioxide.  
Chemical oxidation is sometimes coupled with UV light exposure or Fenton’s 
reagent to increase the color removal and depending on the dose, can mineralize them. 
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Other techniques involve electrochemical or wet oxidation, reverse osmosis, or 
coagulation/flocculation [25].  
Many of these technologies are cost prohibitive, and therefore are not viable 
options for treating large waste streams. Hence there is an increasing need to develop 
new color technologies that are less expensive and easy to use.  
Biological treatment is advantageous over physical and chemical methods as it 
is low cost and environment friendly [59, 60]. 
Nature has provided us with several means to tackle the environmental 
problems, which are the boomerangs of our own activities. The ideal solution for 
pollution abatement is Bioremediation, the most effective innovative technology to 
come along in this century that uses biological systems for treatment of contaminants. 
Although, this novel and recent technology is a multidisciplinary approach, its central 
thrust depends on microbiology. This technology includes biostimulation (stimulating 
viable native microbial population), bioaugumentation (artificial introduction of 
viable population), bioaccumulation (live cells), biosorption (dead microbial biomass) 
and phytoremediation (plants). 
Bioremediation is a sustainable strategy that utilizes the metabolic potential of 
microorganisms to clean-up contaminated environment. It achieves contaminant 
decomposition or immobilization by exploiting the existing metabolic potential of 
microorganisms with novel catabolic functions derived from selection or by 
introduction of genes encoding such functions. One important characteristic of 
bioremediation is that it is carried out in non-sterile open environments that contain a 
variety of organisms. This technology may be applied in the removal of xenobiotic 
compounds from agrochemical and petrochemical industries, oil spills, heavy metals 
in sewage, sludge, pesticides, phenols, hydrocarbons and the waste water arising from 
dye industry. The bioremediation technology is cost effective and eco-friendly.   
Biodegradation is an important process in the natural attenuation of many 
contaminants. Microorganisms use different enzymes to degrade organic compounds 
such as poly aromatic hydrocarbons, chlorophenols, polychlorinated biphenyls and 
different dyes. 
Decolorization by fungi  
 The use of white rot fungi in dye decolorization is valuable, due to their ability 
to oxidize and decompose lignin and other recalcitrant compounds [61-63]. The action 
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of these fungi is attributed to extracellular oxidases and peroxidases, the most 
outstanding being lignin peroxidase (LiP) and manganese peroxidase (MnP), first 
described in Phanerochaete chrysosporium [64, 65]. Most researches on dye 
decolorization involve two fungi Phanerochaete chrysosporium, Coriolus versicolor 
which is also known as Trametes versicolor [66, 67], and Funalia trogii [68] 
(Trametes trogii) degrades and decolorizes recalcitrant effluents such as olive oil mill 
and alcohol factory wastewater. Vyas et al. reported degradation of anthracene by 
selected white rot fungi. Involvement of an extracellular H2O2-dependent ligninolytic 
activity of the white rot Pleurotus ostreatus in the decolorization of Ramazol Brilliant 
Blue R. has been reported [71-73]. Fungi other than white rot fungi include 
Umbelopsis isabellina, Penicillium geastrivous [69], Aspergillus foetidus, and 
Rhizopus oryzae [70] which can also decolorize diverse group of dyes. Agathos et al. 
reported the efficiency of white rot fungi and their enzyme in the treatment of 
industrial dye effluents [148]. Biological decolorization of reactive dyes by white rot 
fungus Coriolus versicolor using RBC was discussed by Kapdan [74]. Decolorization 
of textile dyes and its effect on dye toxicity by Trametes versicolor was studied [75]. 
A relationship of chemical structures of textile dyes on the preadaptation medium and 
potentialities of their biodegradation by Phanerochaete chrysosporium was reported 
by Lima et al. [76]. Novotny et al. investigated biodegradation of synthetic dyes by 
Irpex lacteus under various growth conditions [77]. Zsoy et al. worked on 
decolorization of Remazol brilliant blue R by F. trogii ATCC 20080 [78].  Recently, 
White rot fungus Pleurotus ostreatus used for the degradation of azo disperse dye 
[79]. Fungal decolorization is a promising alternative to replace or supplement present 
treatment. However, the complexity of the biodegradation mechanism of ligninolytic 
system, the requirement for some chemicals that are unlikely to be present in 
wastewater, such as vertryl alcohol and Tween 80, the low pH requirement (~4.5) for 
the optimum activity of the enzymes are the disadvantages of the fungal 
bioremediation. 
Bacterial degradation 
 During past decades, a wide variety of bacteria capable of degrading aromatic 
hydrocarbons have been isolated and characterized [80]. Efforts to isolate bacterial 
cultures capable of degrading azo dyes started in the 1970s with reports of a Bacillus 
subtilis [81], followed by numerous bacteria: Aeromonas hydrophila [82] Bacillus 
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cereus [83], then first two Pseudomonas strains were isolated by Kulla [84]. Yu et al. 
isolated Pseudomonas spp from anaerobic-aerobic dyeing house wastewater treatment 
facility as the most active azo-dye degraders [85]. Zimmermann et al. stated that the 
decolorization activity is membrane associated and stimulated by ferrous ion and 
inhibited by dinitrophenol. An azo reductase enzyme was responsible for the initiation 
of degradation of orange II dye [86]. Proteus mirabilis having a high capacity for 
rapid decolorization of azo dyes was isolated [87]. Andreas stolz, et al. suggested a 
different mechanism for the unspecific anaerobic reduction of azo dyes by 
Sphingomonas spp strain BN6 and other bacteria. They suggested that the reduction 
of azo dyes was catalyzed extracellularly by the action of mediator compound, which 
is either formed during metabolism of certain substrates by bacteria themselves or 
which may be added externally [88]. There are some reports on degradation of textile 
effluent by means of photocatalysis and ozonation. But individually ozonation was 
less efficient then photocatalysis [89]. Van der zee et al. studied the decolorization of 
a broad spectrum of azo dyes due to non specific extracellular reactions by granular 
sludge using upward flow anaerobic sludge bed (UASB). Reducing agent (sulphide) 
in sludge played an important role [90]. The mineralization of azo dye p-aminoazo 
benzene by a defined culture of Bacillus subtilis and Stentrophomonas maltophilia 
was investigated [91]. Rajaguru et al. investigated the degradation of azo dyes by a 
sequential anaerobic-aerobic process using mix culture. The ability of microorganism 
to utilize amine (aniline) as the sole source of carbon and nitrogen had been 
confirmed [92]. Plumb et al. characterized a microbial population of an anaerobic 
baffled reactor successfully treating industrial dye effluent under sulfidogenic and 
methanogenic conditions. Microbial population showed a diverse group of Bacteria 
and Archaea. Proteobacteria together with sulfate reducing bacteria were predominant 
members of population. They suggested that sulfate reducer along with methanogen 
played a crucial role in degradation [93]. Chen et al. isolated Aeromonas hydrophila 
from sludge which has ability to decolorize mixture of dyes and decolorization 
efficiency is strongly enhanced by yeast extract while it was inhibited by glucose [94]. 
Lopez et al. showed decolorization by manganese peroxidase in an enzymatic 
membrane reactor in continuous operation. Later on they used Ex-situ NMR 
spectroscopy and ESI ion trap mass spectroscopy directly on incubation medium for 
the first time to follow the kinetics of sulfonated azo dye orange II enzymatic 
degradation [95]. Peptone-induced biodecolorization of Reactive Brilliant Blue (KN-
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R) by Rhodocyclus gelatinosus XL-1 was discussed [96]. The gene coding for the 
aerobic azo reductase from Xenophilus azovorans KF46F has been cloned and 
expressed in E. coli [97]. Whole cells of recombinant E. coli strains are unable to take 
up sulfonated azo dyes and therefore do not show in vivo azo reductase activity [97].  
Citrobacter spp. isolated from soil near effluent treatment plant of a textile 
decolorized more than 90% of several recalcitrant dyes except Bromophenol Blue 
[98]. Decolorization kinetics of a recombinant E. coli strain harboring azo-dye-
decolorizing determinants from Rhodococcus sp. was discussed [99]. kapdan et al. 
studied biological decolorization of textile dyestuff reactive orange 16 in a fed batch 
reactor by using facultative anaerobic bacterial consortium [100]. Sen and Demirer 
studied anaerobic treatability of real cotton textile wastewater in fed batch reactor 
[101]. Padmavathy et al. studied aerobic decolorization of azo dyes in the presence of 
various co-substrates [102]. The role of water borne pathogenic mycobacterium in 
decolorization of triphenylmethane dyes like malachite green and crystal violet was 
studied [103]. Field and Brady evaluated the use of riboflavin, the redox active moiety 
of common occurring enzyme cofactors, as a redox mediator to accelerate the 
reduction of the azo dye, mordant yellow 10 by anaerobic granular sludge [104]. 
Cervates et al. investigated the capacity of an anaerobic granular sludge for serving as 
an immobilizing mechanism for quinine respiring bacteria. The immobilized quinine 
reducing bacteria can accelerate the conversion of xenobiotics susceptible to reductive 
biotransformation such as azo dyes and polychlorinated compounds in continuous 
bioreactors [105]. Species diversity and community interactions between decolorizers 
and non-decolorizers from an ecological engineering perspective were discussed 
[106]. Decolorization by new alkali thermostable azo reductase was isolated from 
Bacillus Sp. strain SF [107]. Chang et al. used the extracellular metabolites of a dye 
decolorizing strain, E. coli strain NO3, as a biostimulator to entice E. coli strain NO3 
into a beneficial mode of metabolism for an economically feasible decolorization 
[108].  Degradation of azo dyes at high concentration by using a microbial consortium 
consisting of WRF 8-4* and Pseudomonas 1-10 for 4BS and immobilized consortium 
was discussed [109]. Degradation of methyl red by a mixed culture was discussed by 
Vijaya and Sandhya [110]. Complete decolorization and detoxification of methyl red 
by aerobic bacteria was investigated [111]. Sharma et al. developed an up flow 
immobilized cell bioreactor using a microbial consortium consisting of Bacillus sp., 
Alcaligenes sp. and Aeromonas sp. immobilized on refractory brick pieces and result 
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showed degradation of malachite green into simpler form [44]. Parikh and Datta et al. 
isolated cynobacterial cultures from industrial effluent and screened for their ability to 
decolorize. Result showed that they decolorize the dyes more than 80% and 
chlorophyll synthesis was strongly inhibited by dyes. Decolorization of dyes was also 
observed with extracellular culture filtrate, indicating the color removal by enzymatic 
biodegradation. Many compounds that are difficult to degrade aerobically seen to be 
readily degraded anaerobically. The products of anaerobic biotransformation resist 
further anaerobic mineralization yet are good substrates for aerobic degradation. Thus 
for total mineralization of many recalcitrant pollutants a sequential anaerobic aerobic 
treatment strategy is considered the best [112]. Kothari et al. reported decolorization 
of mixtures of dyes by designer bacterial consortia. Toxicity on ground nut is 
evaluated. Influence of cultural, nutritional and environmental parameters on 
decolorization by Pseudomonas aeruginosa CR-25 has been evaluated [113]. 
Lourenco et al. studied the effect of some operational parameters on textile dye 
degradation in a sequential batch reactor [114]. Aerobic or anaerobic wastewater 
technologies have been used extensively in the treatment and detoxification of many 
industrial effluents. However, these alternatives present specific limitations and they 
are relatively ineffective, when applied to the degradation of many complex 
structures, such as polycyclic aromatic hydrocarbons or dyes [115].  
Pseudomonads as candidates for bioremediation 
The term Pseudomonas has been traditionally used to name a quite heterogeneous 
collection of non-enteric Gram negative strains strictly aerobes, nonfermenting and motile. 
Many Pseudomonas strains are able to employ as their sole carbon source a variety of 
unusual chemicals including a wide range or aromatic hydrocarbons and their derivatives 
[116-118]. Pseudomonas plays important role in bioremediation as a result of their 
tremendous capacity for biodegradation [119]. There are at least three types of industrial 
applications that have brought about a considerable interest in genetic analysis of 
Pseudomonas and constriction of recombinant strains with engineered phenotypes.  
 Pseudomonas strains isolated from soil polluted with chemical wastes are able 
to metabolize or co-oxidize recalcitrant chemicals that are perilous 
environmental pollutants such as chloro/nitro aromatic compounds. Their 
genetic engineering may therefore result in strain with enhanced 
biodegradative activities with a potential for bioremediation applications. 
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 Pseudomonas strains have the potential to degrade xenobiotics. Many strains 
are able to suppress pathogenic and other deleterious microorganisms.  
 Pseudomonas strains possess traits that make them suitable as agent for 
biological pest control. These traits include an ability to produce antimicrobial 
molecules (antibiotics, antifungal and siderophores) [120, 121]. 
Nutritional versatility is exhibited widely among the Pseudomonads. Combined 
with the presence or acquisition of catabolic plasmids by large numbers of strains, 
Pseudomonads have the potential to oxidize and mineralize a wide range of natural 
organic compounds, including aromatic hydrocarbons. Numerous mechanisms and 
pathways have been described for the metabolism of different aromatic compounds. 
The basic strategy has been clearly described for aromatic metabolism [121]. Five 
phases can be distinguished. 
1. Entry of compound into the cell. This is often assumed to be by free diffusion 
but there is evidence that specific transport mechanism exists. 
2.    Manipulation of the side chains and formation of substrate for ring cleavage. 
3. Ring cleavage may occur by any of the three main pathways namely ortho, 
meta, and gentisate pathways.  
4. Conversion of the ring cleavage products into amphibolic intermediates. 
5.    Utilization of the amphibolic intermediate. 
          The complexity of the catabolic routes indicates sophisticated systems of 
regulation to control the expression and achieve the co-ordination of catabolic 
activities. Although the degradative pathways of Pseudomonads vary considerably, 
the metabolic routes are convergent and lead to a limited number of common 
intermediates such as catechol. These represent key intermediates for aromatic 
compound degradation. Pseudomonas produces monooxygenases, some times 
referred as mixed function oxidase that catalyze first step of ring cleavage pathway. It 
incorporates one atom of molecular oxygen into the substrate. Further reaction is 
catalyzed by dioxygenases [121]. 
        It is also anticipated that the nutritional versatility of Pseudomonas and the 
application of molecular genetic techniques will be harnessed in the design of 
catabolic pathways for environmental purposes [117]. For example, a Pseudomonas 
strain was isolated that can utilize (2, 4, 6-tri nitro toluene) TNT as a sole nitrogen 
source, producing toluene, amino toluene and nitro toluene as end products. This 
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organism was unable to utilize toluene as carbon source for growth. By introducing 
the entire toluene degradative pathway carried on the TOL plasmid PWWO-Km, an 
organism was produced that could potentially completely mineralize TNT. 
         Pseudomonas has been thus identified to be of importance in bioremediation as 
result of their metabolic versatility. This metabolic versatility and the ability to 
acquire additional versatility via plasmids provide the potential for the rapid evolution 
of novel metabolic ability in Pseudomonas species. Examples of plasmids responsible 
for organic compounds or resistance to heavy metals in fluorescent Pseudomonas 
species are listed in Table 1.3. Pseudomonas species contain a large variety of 
plasmids which involved in degradation of organic compounds, drugs resistance and 
phytopathogenicity. Chakrabarty has given specific examples of P. putida’s ability to 
transposable element [122]. These new genes allow the organism to degrade new 
chemicals without the need to involve completely new degradative pathway. 
Examples of useful or potentially useful environmental applications of Pseudomonas 
strains are given in Table 1.4. 
        Some strains of P. aeruginosa have been shown to produce biosurfactants, which 
have potential uses in bioremediation for washing hydrocarbons from soil. Jain et al. 
found that biosurfactants producing P. aeruginosa significantly degrade 
pentachlorophenol and styrene in soil [123]. This could be applied to the industrial 
treatment of waste gas or polluted water. 
Decolorization by yeast  
Very few reports are there on degradation by yeast strains. A number of 
simple azo dyes are degraded in liquid aerated batch cultures by a strain of yeast 
Candida zeylanoideds.  Later on Meehan et al. investigated the ability of 
Kluyveromyces marxianus IMB3 to decolorize Remazol Black B dye [124]. RamalHo 
et al. characterized the azo reduction activity in a novel Ascomycete yeast strain 
Issatchenkia occidentalis [125].  
Decolorization with algal culture 
Dye colour removal by the algal species may be attributed to biosorption of 
the dye molecules onto the surface of algal cell and subsequent diffusion and 
participation in metabolism (bioconversion). The remaining dye molecules could be 
further removed from the aqueous phase by adsorption and/or chelation reaction of 
the exopolymers released by the algae (biocoagulation). The results showed the 
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potential nature of algae in treating azo dyes which in turn can be extended to 
oxidation pond system of wastewater treatment. Jingi and Houtian reported algae 
capable of degrading azo dyes through an induced form of azo reductase [126]. 
Several species of Chlorella and Oscillatoria degrade azo dyes to their aromatic 
amines and further metabolize the aromatic amines to simpler organic compounds or 
CO2. Later on Mohan et al. used a commonly available green algae Spirogyra sp. in 
viable form [127].  
Decolorization by actinomycetes 
Don Crawford initiated an investigation into the ability of ligninolytic 
microbes, both white rot fungi and Strptomycetes, to decolorize and mineralize textile 
dyes. Actinomycetes have also been shown to catalyze hydroxylation, oxidation, and 
dealkylation reactions against various xenobiotic compounds [128]. Crawford had 
partially purified a novel extracellular peroxidase from S. viridosporus T7A [129]. 
The gene oxyR encodes an oxygen stress regulatory protein which apparently having 
some regulatory role [130].  
Factors affecting dye biodegradation 
Due to the highly variable nature of biological treatment systems and 
especially textile effluents, there are a number of factors that may affect the 
biodegradation rate of azo dyes. Non-dye related parameters such as temperature, pH, 
dissolved oxygen or nitrate concentrations, type and source of reduction equivalents, 
bacteria consortium, and cell permeability can all affect the biodegradation of azo 
dyes and textile effluents. Dye related parameters such as class and type of azo dye 
(i.e. reactive-monoazo), reduction metabolites, dye concentration, dye side-groups, 
and organic dye additives could also affect the biodegradability of azo dye 
wastewaters. Biological waste water treatment plant has a highly variable nature. 
Wuhrmann et al. investigated the effects of pH, temperature, type and concentration 
of respiration substrates, and oxygen tension on the rate of biological reduction of a 
variety of azo dyes [83]. Temperatures, which are too high or too low, can result in 
the exclusion of a particular group of microorganisms. The wastewater pH can affect 
the proper functioning of both anaerobic and aerobic organisms [131]. Loyd observed 
an indirect increase in the rate of decolorization of Navy-106, with decreased pH 
values in anaerobic batch tests [132]. Nitrate and especially oxygen may play an 
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Table: 1.3 Examples of plasmids responsible for metabolism of organic 
compounds or resistance to heavy metals in fluorescent Pseudomonas species 
 
Table: 1.4 Examples of fluorescent species of Pseudomonas reported to have been 
used, or to have potential use, for bioremediation  
  Species    Strain Target chemical          Reference 
P. aeruginosa     JB2  Halogenated benzoic acid Hickey and Focht, 1990. 
     Pak1 PAH Kiyohara et al., 1994. 
P. fluorescens     PHK  Phthalate Pujar and Ribbons, 1985 
   Dimethylphenol Busse et al., 1989. 
   Isopropyl benzene Busse et al., 1989. 
P. putida   Methyl benzoates Galli et al., 1992 
   Naphthalene sulphonic acid                                            Zurrer et al., 1987
   Dimethylphenol Busse et al., 1989. 
    OUS82  PAH    Kiyohara et al., 1994. 
    G7  PAH Kiyohara et al., 1994. 
 
Organism Plasmid Substrate Reference 
P. putida 
CAM 
TOL 
SAL 
Camphor 
Xylene, toluene 
Salicylate 
Jacoby, 1975 
White and Dunn,1978  
Korfhagen et al., 1978 
 NAH Naphthalene White and Dunn, 1978 
 pRE4 Styrene Bestetti et al., 1984 
 pEG Styrene Bestetti et al., 1984 
 PCINNP Cinnamic acid Andreoni and Bestetti,  1986 
 PAC25 3-chloro-benzoic acid Chatterjee & Chakrabarty, 1983 
P. fluorescens PQM1 Mercury Bale et al., 1998 
P. syringae pv.  PPT23a; 
PPT23c 
Copper Bender and Cooksey, 1986 
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important role in determining the rate of dye reduction. Generally the presence of 
oxygen inhibits the degradation of azo dye chromogens. Interestingly, Wuhrmann et 
al. demonstrated that obligate aerobes might actually decolorize azo compounds 
under temporary anoxic conditions. However, high nitrite or nitrate concentrations in 
the mixed liquor of activated sludge plants could significantly inhibit dye removal 
[83]. Gingell and Walker stated that the presence of oxygen may compete out the azo 
dye as the preferred oxidizer of reduced electron carriers in the respiration chain, and 
thus limit the reduction of azo linkages [133]. The type of bacteria or consortium 
used for dye biodegradation will undoubtedly affect the reduction rate. In general 
however, aerobic microbes do not have the ability to substantially decolorize azo 
dyes, but can oxidize the dye metabolites. The converse applies to anaerobic 
microbes. A final non-dye related factor is the cell permeability and the cell wall 
adsorption of azo dyes. Ganesh concluded that very little of the dye added to a 
biological reactor will be leached from the biomass when placed in a landfill. This 
might suggest that the dye is effectively reduced after adsorption to the cell wall or 
that very little dye is actually adsorbed [134]. Cell permeability might play an 
important role in dye biodegradation. In the study conducted by Wuhrmann et al. 
[83], suggested that many cells might be capable of dye biodegradation, but are 
limited by the permeability of their cell walls. The azo dye structure can play a 
significant role in the dye biodegradation rate. Depending on the number and 
placement of the azo linkages, some dyes will biodegrade more rapidly than others. 
The results indicated that poly-azo dyes are less likely to be degraded than mono- or 
diazo dye types. Depending on the nature of these groups, biodegradation might be 
inhibited. According to Ganesh, sorption of dye to sludge depends on the type, 
number, and position of the substituents in the dye molecule [134]. The production 
of toxic by-products or the presence of toxic dye additives may also inhibit 
biodegradation. High salt concentrations are not uncommon in textile effluents and 
may result in adverse conditions for biodegradation. Dispersing and solubilizing 
agents may also create inhibitory conditions for dye reduction [58]. In various studies 
[135, 136, & 83] the production of inhibitory dye metabolites is cited as causing a 
decrease in biodegradation. Donlagic' and Levec concluded that the distribution of 
dye intermediates plays an important role in determining the aerobic biodegradability 
of Orange II. They further state that low dye removal may be attributed to the 
presence of intermediates that are less susceptible to microbial degradation or that act 
 21
as inhibitory agents. A final and important factor to evaluate is the initial dye 
concentration of the wastewater [136]. Seshadri and Bishop performed a study 
investigating the effect of different influent dye concentrations on the color removal 
efficiency. They concluded that elevated dye concentrations may cause a drop in 
percent dye removal. Furthermore, the inhibition may be directly related to the effects 
of increased dye metabolite formation due to higher dye concentrations. Less 
pronounced reductions were seen at lower concentration levels [137].  
Decolorization mechanisms of azo dyes 
According to the existing hypothesis for anaerobic decolorization of azo dyes 
by bacteria, the reduction equivalents generated by the oxidation of auxiliary 
substrates, i.e. organic carbon complexes, as electron donor via NAD(P)+ reduce the 
azo bond, to form aromatic amines as colorless metabolites [138, 139]. These 
hypotheses vary in respect to the emphasis placed on the involvement of azo 
reductase (cytoplasmic enzyme) or on the final reduction mechanism. Adriaens et al., 
Lovley et al. and Keck et al. have introduced some extracellular non-enzymatic redox 
mediators into a possible anaerobic reduction scheme for organic or inorganic 
molecules such as dioxins, Fe (III)-oxide, or azo dyes [140-142]. An overview of 
known bacterial mechanisms for decolorization is summarized in Table-1.5.   
Decolorization of azo dyes by azo reductase  
Rafii et al. and Chung & Stevens reported necessity of the involvement of azo 
reductase in the decolorization of azo dyes [Figure: 1(a)], and assuming electron 
carriers (coenzymes) flavin nucleotides (FMN, FAD) or riboflavin as cofactors [143, 
144].  
Simple chemical reduction of azo dyes by coenzymes 
Wuhrmann et al. reported a simple chemical reduction of azo dyes by electron 
carriers (coenzymes) [83] [Figure: 2]. 
Decolorization of azo dye by extracellular non enzymatic redox mediator  
An extracellular redox mediator in the form of humic substances (no enzyme) 
can be used as an electron shuttle by Fe (III)-reducing bacteria to reduce Fe (III)-
oxide [141]. That is, the microbially reduced humic substances can abiotically transfer 
electrons to Fe (III) oxides. The authors also suggested that the humic substances 
permit Fe (III)-reducing microorganisms to indirectly reduce Fe (III) oxides faster 
than in the absence of humic substances because it alleviates the need for the 
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Figure: 1 Anaerobic decolorization of azo dyes (R-N=N-R: mono azo dye) by azo 
reductase (modified from Roxon et al. 1967 [138]) (a) and general fermentation 
pathway without azo dyes (modified from Dofling 1988 [144]) (b) R-NH2 and R'-NH2 
are metabolites as the reduction products of the azo dyes. * For example, glucose. 
**Enzyme liberating (transmitting) electrons (or e- + H+) from the carbon complexes.           
 
  
Figure: 2 Simple chemical decolorization of azo dyes (R-N=N-R' mono azo dye) by 
coenzymes (FMNH2; FADH2) under anaerobic conditions (modified from Gingell and 
Walker 1971 [133]) 
 
Figure: 3 Anaerobic decolorization of azo dyes (R-N=N-R': mono azo dye) by 
extracellular non-enzymatic redox mediator (modified from [142] Keck et al.): 
*Auxiliary substrate (glucose). RMred and RMox indicate a redox mediator in reduced 
and oxidized form respectively. **Enzyme liberating electrons (or e- + H+) from the 
carbon complexes.  
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microorganisms to come into direct physical contact with Fe (III) oxides in order to 
reduce them. Although this is not directly applicable to the azo dye reduction, the 
principal mechanism of the redox mediator is worthy of remark. Sphingomonas sp.  
[Figure: 3] [142]. Thus other possible redox mediators or reduction equivalents 
formed gratuitously during various metabolisms of different bacteria may be involved 
in the azo dye reduction. Analogous to the azo reductase reduction hypothesis 
[Figure: 1(a)], redox mediators are expected to contribute to an ATP-gain e.g. from 
acetate production by bacteria [Figure: 3]. 
Over the last decades, the increasing demand for azo dyes by the textile 
industry has shown a high pollutant potential. Several combined anaerobic and 
aerobic microbial treatments have been suggested to enhance the degradation of 
textile dyes [135, 146, 147]. However, under anaerobic conditions, azo-reductases 
usually cleave azo dyes into corresponding amines, many of which are mutagenic 
and/or carcinogenic [60, 135, 148]. These aromatic amines should then be further 
treated using aerobic biological treatment methods [149-155]. Hence the aerobic 
treatment is the only safe method for the biodegradation of textile azo dyes.   
Pseudomonas has been identified to be of importance in bioremediation as a 
result of their tremendous capacity for biodegradation [116-118]. Although several 
microorganisms seem to have potential for azo dye degradation, very few strains can 
withstand the conditions of dying effluents in terms of pH and temperature. The 
present study deals with the isolation, screening and identification of bacteria, for the 
aerobic degradation of azo dyes. The main objective of study is to investigate the 
influence of various nutritional, cultural, and environmental parameters on the 
decolorization of azo, TPM, anthraquinone and sulphonphthalein dyes by growing 
and nongrowing bacteria.   
The ultimate goal is to transferring lab technology to the field, making this as 
a common strategy to remove pollutants and to make the world free of contaminants.  
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Isolation, Screening and Identification of Dye 
Degrading Bacteria 
 
 
Introduction 
Water is the lifeblood of the environment, essential for the survival of all 
living things-plant, animal and human and we must do everything possible to 
maintain its quality for today and the future. In the last few years, environmental 
legislation, e.g., about the appearance of color in discharges, combined with the 
increasing cost of water for the industrial sector, has made the treatment and reuse of 
dyeing effluents increasingly attractive to the industry. Wastewater originating from 
the textile-processing industries is a complex mixture of potentially polluting 
substances consisting of textile dyes, heavy metals associated with dyes and other 
auxiliaries used during dyeing process. Currently, much research has been focused on 
chemically and physically degrading azo dyes in wastewaters. The conventional 
treatment of colored effluents has high operational costs, produces large amount of 
sludge and generates lot of toxic substances. Additionally the dyes remain unaltered 
in most cases, thus preventing recycling of the treated wastewater. Yet none of these 
methods is ideal. Hence there is an increasing need to develop new color technologies 
that are less expensive and easy to use.  
Azo dyes are important priority pollutants of the dye manufacturing and textile 
industry. The majority of these dyes are either toxic or mutagenic and carcinogenic 
[156], and poses a potential health hazard to all forms of life [157]. The ideal solution 
for pollution abatement is Bioremediation.  Over the last two decades, considerable 
work has been done with the goal of using microorganisms as bioremediation agents 
in the treatment of wastewater containing textile dyes. Various bacteria and fungi 
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have decolorizing abilities. White rot fungi Phanerochaete chrysosporium, Trametes 
sp., have been found to effectively degrade a variety of azo dyes under aerobic 
conditions. White rot fungi produce extracellular oxidases and peroxidases, which are 
involved in the degradation. However fungal treatment of effluents is usually very 
time consuming and the requirement for some chemicals that are unlikely to be 
present in a wastewater, such as vartryl alcohol and Tween 80, the low pH 
requirement (~4.5) for the optimum activity of the enzymes make them less 
applicable. However, a significant cost reduction for these enzymes would be required 
in order to make this process economically more attractive.  
 Aerobic bacteria have been described to oxidatively decolorize many dyes 
from several classes, among which azo dyes always turned out to be the most 
recalcitrant compounds. In contrast, under anaerobic conditions, the decolorization of 
many azo dyes via reduction of azo bond has been shown for anaerobic (e.g. 
Bacteroides sp., Eubacterium sp., and Clostridium sp. etc.) as well as facultative 
anaerobic (e.g. Proteus vulgaris and Streptococcus faecalis) bacteria. Seshadri and 
coworkers proposed the biotransformation of azo dyes in a two step process, in which 
the azo bond is reduced under anaerobic conditions producing two aromatic amines, 
which are then mineralized by aerobic microorganisms [137, 138].  
 Various Pseudomonas spp., i.e. P. alcaligenes, P. mendocina, P. putida biovar 
B and P. stutzeri, are capable of utilizing a variety of complex chemicals, including 
dyes, as the sole source of carbon has been reported [113-115]. Although several 
microorganisms seem to have potential for azo dye degradation, very few strains can 
withstand the conditions of dying effluents in terms of pH and temperature.  The 
present study deals with the isolation, screening and identification of bacteria, for the 
aerobic degradation of textile azo dyes at wide pH range.  
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Materials and Methods 
2.1 Dyes. Textiles dyes were procured from dye manufacturing industries 
located in Jetpur and Ahmedabad. Laboratory dyes and other chemicals used were of 
highest purity available (Appendix-I). Dye stock solutions of 1% (w/v) were kept on 
shaker for 1-2 h at 40 rpm for all dyes except sulphonphthalein dyes (Bromophenol 
Blue, Bromocresol Purple and Phenol Red) and TPM dyes (Methyl Red, Methyl 
Orange, Methyl Green and Malachite Green). The stock solutions (0.5 mM) for these 
dyes were kept overnight on shaker at 40 rpm and used in all experiments. The 
amount of respective dye that would give Amax between 0.8-1, was added in the 
media (Appendix-I) if not indicated otherwise.  
2.2 Sample collection. Soil samples from petrol pump and garden, and dyeing 
effluents from the various stages of wastewater treatment plants were collected from 
different dyeing and textile industries of Jetpur and Rajkot (Table 2.1) and used as the 
source of the isolation of dye decolorizing bacteria. Soil suspension [10% (w/v)] was 
prepared and kept on shaker for 3-4 h at 40 rpm, was allowed to settle, supernatant 
collected and used in the experiments.  
2.3 Culture media 
 Glucose peptone yeast extract medium (GPY) contained g.L-1 of glucose 
(10), peptone (5), and yeast extract (3). pH was adjusted to 7 with 1 N NaOH 
before sterilization.  
 Sutherland medium contained g.L-1 of Na2HPO4 (4), NH4)2SO4 (3) yeast 
extract (0.5), NaCl (0.2), MgSO4.7H2O (0.05), CaCl2.2H2O (0.05), KH2PO4 
(1) and succinic acid (10). pH was adjusted to 7.2 with 1 N NaOH before 
sterilization [158]. 
 
2.4 Enumeration of dye decolorizing bacteria. MPN analysis for the 
enumeration of dye decolorizing bacteria was performed using the protocol for the 
enumeration of coliforms given in APHA [159] except some modification in media. 
Chemically defined medium Sutherland and complex GPY medium were used instead 
of lactose tryptose medium which was selective for coliforms. The two dyes Remazol 
Red H8B (RRH8B) and Reactive Blue H5G (RBH5G) were added externally for the 
decolorization. Samples were diluted (10-1) by adding 90 ml of sterile distilled water 
in 10 ml of samples. 10 ml of diluted sample was used to 
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Table 2.1 List of samples 
 
Samples Types of 
Samples 
Date of 
collection 
Time of 
collection 
Color 
  
pH 
  
Location 
I Petrol pump 
soil 
14/11/02  5:50 PM  
- NP 
Nr. Virani 
Sci. College, 
Rajkot 
II Garden soil 17/12/02  3:20 PM  
- 9.95 
Botanical 
Garden, Bio. 
Dept. 
Saurashtra 
Uni. Rajkot 
III Dyeing 
Effluent 
16/11/02  4:40 PM  Dark Brown (sl. 
turbid)   8.87 
Dyeing 
Industry, 
Rajkot 
IV Dyeing 
Effluent 
6/7/2002  11:05:00 
AM  
Dark Brown 
(turbid   
with oil particles 
on the surface) 
7.35 
Harsh 
Dyeing, 
Kalawad 
Rd, Rajkot  
V Dyeing 
Effluent 
6/7/2002  11:45:00 
AM  
Red (clear 
solution with 
some particles 
8.43 
Harikrupa 
Dyeing, 
Rajkot 
VI Dyeing 
Effluent 
6/7/2002  12:05:00 
PM Green 
(sl turbid) 6.5 
Dyeing 
Industry 
Ranchod 
nagar, 
Rajkot 
VII Dyeing 
Effluent 
28/12/02  5:15 PM  Dark Blue (sl. 
turbid) 6.93 
Bansi 
Dyeing, 
Jetpur 
VIII Dyeing 
Effluent 
17/01/03  2:20 PM  Dark Green 
(turbid) 7.4 
Dyeing 
Industry, 
Jetpur 
IXa Dyeing 
Effluent 
from first 
outlet 
20/01/03  4:30 PM  
Dark Blue 
(turbid) 7.31 
Dyeing 
Industry, 
Jetpur 
IXb Dyeing 
Effluent 
from second 
outlet 
20/01/03  4:30 PM  
Light Green  
with dark blue 
particles 
8.81 
Dyeing 
Industry, 
Jetpur 
IXc Dyeing 
Effluent 
from third 
outlet 
20/01/03  4:30 PM  
Light Green  
(clear solution) 7.42 
Dyeing 
Industry, 
Jetpur 
IXd Dyeing 
Effluent 
 from final 
outlet 
20/01/03  4:30 PM  
Light Blue 
Clear solution 7.5 
Dyeing 
Industry, 
Jetpur 
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inoculate 5 tubes having 10 ml of GPY and Sutherland medium (2X). 5 tubes having 
5 ml GPY and Sutherland medium (X) were inoculated with 1 ml of sample and 5 
tubes of 5 ml GPY and Sutherland medium (X) with 0.1 ml of sample each. Two 
tubes of 5 ml of medium (X) containing RRH8B and RBH5G dye served as control. 
All the tubes were incubated at 37°C in static condition. The tubes were observed 
daily up to 7 days. Numbers of positive tubes in each three sets (i.e. 10 ml, 1 ml and 
0.1 ml) was recorded and used to determine MPN according to McCardy’s table. 
2.5 Isolation of dye decolorizing bacteria. Nutrient agar and Pseudomonas 
agar plates containing 1% (w/v) RRH8B dye were streaked from the positive MPN 
tubes. Colonies were checked for their decolorizing ability by inoculating in GPY 
medium containing 0.1% (w/v) of Remazol Black B (RBB). Colonies showing 
positive results were streaked on Nutrient agar and Pseudomonas agar plate to 
obtained the culture in pure.  
2.6 Screening of dye decolorizing bacteria. Primary screening of dye 
decolorizing bacterial strains was carried out in 7 ml of GPY medium containing 
0.1% of Remazol Black B (RBB) dye. Tubes were inoculated with 800 µl of 18 h old 
culture having the OD between 0.7-1 and incubated at 37°C in static condition. 
Samples were collected after 24 and 48 h and analyzed spectrophotometrically for 
decolorization.  
Secondary screening of the dye decolorizing bacteria was performed 
employing a complex GPY medium with initial pH varying in the range 3.5-11 and a 
chemically defined Sutherland medium, and 19 structurally different dyes.   
2.7 Correlation between the cell mass and decolorization of RBB. 
Correlation between the cell mass and decolorization was carried out using 45 ml of 
GPY medium in 250 ml of Erlenmeyer flask containing 0.1% (w/v) of RBB and 10% 
(v/v) of 18 h old inoculum. Uninoculated flask containing medium and dye was used 
as dye control and flask containing medium and inoculum without dye was used as 
growth control. Samples were collected and analyzed spectrophotometrically. 
2.8 Identification of dye degrading bacteria. All the strains were tentatively 
identified on the basis of morphological and cultural characteristics, biochemical tests 
and antibiotic sensitivity test according to the Bergey’s manual (IX Edition) of 
Systemic  Bacteriology [160, 161]. 
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 Morphological characteristics. Gram staining of 18 h old cultures of 
all strains was performed to study the morphological characteristics.  
 Cultural characteristics. Single colony of all strains were inoculated 
in 50 ml of GPY medium and incubated at 37°C on shaker at 40 rpm 
for 18 h. These 18 h old activated cultures were streaked on GPY agar 
plates and incubated at 37°C for 24 to study the cultural characteristics.  
 Biochemical tests. Media for biochemical tests inoculated with 0.1 ml 
of 18 h old activated culture and incubated under static condition at 
37°C for 24 h.  
 Antibiotic sensitivity. Antibiotic sensitivity was performed using 
antibiotic octodiscs (Pseudo, Pseudo-I, Combi-VI, Combi-XII, Combi-
59, Combi-60). 0.1 ml of 18 h activated culture was spread on nutrient 
agar plate and octodiscs were placed inverted on the plate and 
incubated at 37°C for 24 h.  
Three most potential strains which had been selected for further study were 
then identified by 16s rRNA sequencing. 
2.9 Culture preservation and maintenance. Dye decolorizing bacterial 
strains were cultivated on GPY agar plate and maintained on GPY agar slant at 4°C.  
Transfers were given regularly on the same medium. The stock cultures were 
preserved in glycerol at -20°C. 
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Results 
 
 2.4 Enumeration of dye decolorizing bacteria. MPN of dye decolorizing 
bacteria varied with the sample, medium, dye and the stage of effluent treatment. 
Samples III and VI collected from different dyeing industries at Rajkot showed less 
number of dye decolorizing bacteria in GPY media with both the dyes, while samples 
VII, VIII and IX collected from different dyeing industries at Jetpur showed higher 
number of dye decolorizing bacteria in both the media with RRH8B dye (Table 2.2). 
Sample IXa-d collected from outlets of the effluent treatment plants showed higher 
number of dye decolorizing bacteria with secondary, tertiary and final treatment plant 
in the presence of RRH8B in both media. Samples IV and V collected from the 
dyeing industries at Rajkot showed similar MPN in GPY medium with both dyes. 
Number of bacteria was less in the presence of RBH5G compared to RRH8B. Similar 
results were found in case of sample I with lower MPN in the presence of RRH8B and 
higher number of dye decolorizing bacteria in the presence of RBH5G in GPY 
medium compared with samples IV and V. Sample II showed contrasting result, MPN 
of dye decolorizing bacteria was higher in Sutherland medium compared to GPY with 
both the dyes. The overall results showed that the MPN count was higher in the case 
of complex medium compared to chemically defined medium. Number of dye 
decolorizing bacteria was lower in the presence of anthraquinone dye RBH5G in both 
media.  
2.5 Isolation of dye decolorizing bacteria. Twenty six strains (Table 2.3) 
were isolated from positive MPN tubes and tested for dye decolorizing ability. 
Primary screening was performed using GPY medium and RBB. Strains P12, P23 and 
P26 showed complete decolorization within 24 h, while P1, P5, P6, P13-P18 and P22 
decolorized RBB completely within 48 h. Strains P2, P3, P4, P7, P10, P11, P20, P21 
and P25 decolorized more than 90% RBB within 48 h. Few strains (P8, P19, P24) 
decolorized RBB between 65-75% within 48 h while strain P9 decolorized up to 50% 
(Figure 2.1). Biomass production was equally well in the presence of absence of dye. 
Examination of the absorption spectrum revealed decrease in the absorbance peak 
present in the control after 24 and 48 h. In some of the strains, peak disappeared 
completely after 48 h. (Figure 2.2).  
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Table 2.2 MPN of dye decolorizing bacteria  
 
Sample 
No Media Dyes 
MPN 
Index.ml-1 
of sample 
Sample 
No Media Dyes 
MPN 
Index.ml-1  
of sample 
RRH8B 0.024 GPY RRH8B 1.6 
I GPY 
RBH5G 0.0082 
VII 
Sutherland RRH8B 1.6 
GPY RRH8B 0.28 GPY RRH8B 1.6 
 RBH5G 0.0092 
VIII 
Sutherland RRH8B 1.6 
Sutherland RRH8B 1.6 GPY RRH8B 0.43 
II 
 
 
 
II 
 RBH5G 0.012 
IXa 
Sutherland RRH8B 0.14 
RRH8B 0.004 GPY RRH8B 1.6 
III GPY 
RBH5G 0.003 
IXb 
Sutherland RRH8B 0.35 
RRH8B 0.037 GPY RRH8B 1.6 
IV GPY 
RBH5G <0.0018 
IXc 
Sutherland RRH8B 1.6 
RRH8B 0.036 GPY RRH8B 1.6 
V GPY 
RBH5G 0.0018 
IXd 
Sutherland RRH8B 1.6 
RRH8B 0.004     
VI GPY 
RBH5G 0.002     
 
 
Table: 2.3 List of Isolated Strains 
 
 
Samples Isolates Samples Isolates 
I (Garden soil, Rajkot) P1, P2 VII (Effluent, Jetpur) P13, P14, P26 
II (Petrol pump soil, Rajkot) P3, P4, P5 VIII (Effluent, Jetpur) P15, P16 
III (Effluent, Rajkot) P6, P7, P8 IXa (Effluent, 1st outlet, Jetpur) P17, P18, P19 
IV (Effluent, Rajkot) P9, P10 IXb (Effluent, 2nd outlet, Jetpur) P20, P21 
V (Effluent, Rajkot) P11 IXc (Effluent, 3rd outlet, Jetpur) P22, P23 
VI (Effluent, Rajkot) P12 IXd (Effluent, final outlet, Jetpur) P24, P25 
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Figure 2.1 Primary screening of dye decolorizing bacteria growing on GPY medium A. Decolorization of RBB by static cultures of various 
strains isolated from various effluents and soil samples B. Biomass of various strains in the presence of RBB 
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Figure 2.2 Decolorization of RBB by various isolates; [A] Decolorization of RBB by 
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2.6 Screening of dye decolorizing bacteria. Further screening of the strains 
was carried out using different dyes in complex and chemically defined media (Figure 
2.3). Decolorization varied with the medium and the dye. None of the strains was able 
to completely decolorize Remazol Brilliant Black R, Reactive Red H5G, Remazol 
Turquoise Blue, Fast Green, Brilliant Green and Methylene Blue. Strains P2 
decolorized Remazol Orange H2R, Remazol Orange 3R, Evans Blue and Brilliant 
Green between 76-85% in Sutherland medium while it decolorized Reactive orange 
H2R, Remazol Red H8B, Reactive Red 6BX, Remazol Magenta, Remazol Brilliant 
Blue R, Remazol Black B and Methylene Blue between 80-85% in GPY medium. 
Strain P9 was not able to decolorize any dye more than 50% except Reactive Orange 
H2R and Remazol Red H8B in Sutherland medium, and Congo Red, Remazol Black 
B and Evans Blue in GPY medium. Strain P17 decolorized (more than 82%) Remazol 
Red H8B and Remazol Black B in GPY medium while decolorized Evans Blue in 
Sutherland medium. Other dyes (4-6, 8-10) were decolorized up to 75% in GPY 
medium. Strain P18 decolorized most of the dyes (4-6, 8-10, and 12-13) between 80-
85% in Sutherland medium. Strain P20 decolorized the dyes (4-6, 8-10) up to 90% in 
Sutherland medium while dyes Remazol Black B and Evans Blue decolorized more 
than 85% in GPY medium. Strain P23 decolorized most of the dyes more than 90% in 
both media. 
 Strains were further screened by evaluating the decolorization of RBB in 
GPY medium over a pH range of 3.5-11 (Figure 2.4). Most strains were not able to 
decolorize the dye in acidic condition (pH 3.5) except strain P9. Strain P23 was able 
to decolorize RBB more than 90% within 24 h while rest of the strains decolorized the 
dye within 48 h over a pH range of 4.5-10. Decolorization was higher in the pH range 
5.5-9. 
2.7 Correlation between the cell mass and decolorization of RBB. 
Correlation between the decolorization and biomass was carried out using RBB dye. 
It varied with the strains (Figure 2.5). Decolorization occurred simultaneously with 
increase in biomass. Decolorization initiated after a lag phase with most of the strains 
except few (P3, P10, P14, P15, P23, P26). All the strains decolorized up to 90% RBB 
within 48 h except strains P8, P9, P19 and P24. Decolorization rate was maximum 
during first 12 h, which decreased there after. The growth of strains occurred well in 
the presence or absence of dye. Strains P12, P23, P26 with the highest decolorization 
ability were selected for further study.       
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Figure 2.3 Secondary screening of dye decolorizing bacteria; Dye decolorization in 
Sutherland and GPY media by strains isolated from soils and effluents 
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Figure 2.4 Secondary screening of dye decolorizing bacteria; Decolorization of RBB 
by some strains growing on GPY medium having varying pH 
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Figure 2.5 Correlation between growth and decolorization of RBB by various strains 
growing on GPY medium 
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Figure 2.5 Correlation between growth and decolorization of RBB by various strains 
growing on GPY medium 
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 2.8 Identification of dye degrading bacteria. Physiological and biochemical 
tests were conducted for the identification of strains (Table 2.4). All the strains are 
Gram-negative, short rods, arranged singly and motile. Cultural characteristics and 
pigment production varied with the strains. Most of the strains produced pigment 
except strain P8, P9, P21, P23 and P24. Most of the strains belong to 
Pseudomonadaceae family. Oxidase and catalase production and gelatin liquification 
varied with strains while starch hydrolysis and sugar fermentation was negative. 
Ammonia production was found in all strains except few, while few strains tested 
positive for nitrate reduction. None of the strains grow at 10% NaCl conc.  
Gentamicin and Amikacin were among the most effective aminoglycosides 
against P. aeruginosa, but the isolated strains were found to be resistant to these 
antibiotics [160,161]. Carbenicillin is commonly used against P. aeruginosa but some 
of the isolated strains were resistant. Strains were sensitive to Ampicillin, Augmentin, 
Ceftaxidime, Ceftazidime and Ceftriaxone (Table 2.5). 
On the basis of these results most of the strains were tentatively identified as 
Pseudomonas strain. Three most potent strains were further identified as different 
strains of Pseudomonas aeruginosa according to rapid ID 32E kit (Table 2.6) and 
phylogenetic analysis based on 16s rRNA sequencing (Figure 2.6).  
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Table 2.4 Morphological, cultural and biochemical characteristics of dye      
decolorizing bacterial strains isolated from soils and effluents 
 
Strains P1 P2 P3 P4 P5 P6 P7 
 
Morphological Characteristics 
Gram's Reaction Negative Negative Negative Negative Negative Negative Negative 
Morphology Small thin 
rods 
Small thin 
rods 
Small thin 
rods 
Small 
thin rods 
Small thin 
rods 
Small thin 
rods 
Small 
thin rods 
Arrangement Single Single Single Single Single Single Single 
Cultural  
Characteristics 
Size Medium to 
big 
Medium Medium to 
big 
Medium 
to big 
Big to 
medium 
Medium 
to big 
Medium 
Shape Irregular Irregular Irregular Irregular Irregular Irregular Irregular 
Texture Rough Rough Rough Rough Rough Rough Rough 
Margin Uneven Uneven Uneven Uneven Uneven Uneven Uneven 
Elevation Flat Flat Flat Flat Flat Flat Flat 
Color Bluish 
green 
Bluish 
green 
Bluish green Bluish 
green 
Bluish green Yellowish 
green 
Bluish 
green  
Opacity Translucent Opaque Translucent Opaque Translucent Opaque Opaque 
Key tests of Pseudomonadaceae family 
Motility + + + + + + + 
Catalase Production + + + + + + + 
Oxidase Production + + + + + + + 
Starch Hydrolysis - - - - - - - 
Gelatin Hydrolysis + + + + + + + 
Gelatin Liquification + + + + + - + 
Growth on 
MacConkey's Agar 
+ + + + + + + 
Growth on NaCl       
2.5% + + + + + + + 
5% + + + + + + + 
7% + + + + + + + 
10% - - - - - - - 
Sugar Fermentation      
Glucose - - - - - - - 
Fructose - - - - - - - 
Sucrose - - - - - - - 
Lactose - - - - - - - 
Arabinose - - - - - - - 
Sorbitol - - - - - - - 
Miscellaneous test       
H2S Production - - - - - - - 
Indol Production - - - - - - - 
Urea Hydrolysis - - - - - - - 
Ammonia Production + + + + + + + 
Nitrate Reduction - - - - - - - 
Citrate Utilization  + + + + + + + 
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Table 2.4 Morphological, cultural and biochemical characteristics of dye     
decolorizing bacterial strains isolated from soils and effluents 
Continue… 
 
Strains 
P8 P9 P10 P11 P12 P13 P14 
Morphological Characteristics  
Gram's Reaction Negative Negative Negative Negative Negative Negative Negative 
Morphology Small thin 
rods 
Small thin 
rods 
Small 
thin rods 
Small 
thin rods 
Small thin 
rods 
Small thin 
rods 
Small thin 
rods 
Arrangement Single Single Single Single Single Single Single 
Cultural Characteristics 
Size Small Small Medium Medium Medium Medium Medium to 
big 
Shape Round Round Irregular Irregular Flat edges 
and elevated 
centre 
Irregular Irregular 
Texture Smooth Smooth Rough Smooth Rough Smooth Rough 
Margin Regular Regular Uneven Uneven Uneven Uneven Uneven 
Elevation Flat Raised Flat Flat Flat Flat Flat 
Color Colorless Creamish Greenish 
Blue 
Bluish 
green 
Greenish 
Blue 
Bluish 
green  
Bluish 
green  
Opacity Translucent Opaque Opaque Opaque Translucent Translucent Translucent 
Key tests of  Pseudomonadaceae family 
Motility + + + + + + + 
Catalase Production - + + + + + + 
Oxidase Production + - + + + + + 
Starch Hydrolysis - - - - - - - 
Gelatin Hydrolysis + + + + + + + 
Gelatin Liquification - - + + - + + 
Growth on 
MacConkey's Agar 
+ + + + + + + 
Growth on NaCl       
2.5% + + + + + + + 
5% + + + + + + + 
7% + + + + + + + 
10% - + - - - - - 
Sugar Fermentation      
Glucose - + - - - - - 
Fructose - + - - - - - 
Sucrose - + - - - - - 
Lactose - - - - - - - 
Arabinose - - - - - - - 
Sorbitol - + - - - - - 
Miscellaneous test       
H2S Production - - - - - - - 
Indol Production - + - - - - - 
Urea Hydrolysis - - - - - - - 
Ammonia Production + + + + + + + 
Nitrate Reduction + + - - - - - 
Citrate Utilization  + + + + + + + 
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Table 2.4 Biochemical or physiological profiles of different strains 
Continue… 
 
Strains P15 P16 P17 P18 P19 P20 P21 
Morphological Characteristics 
Gram's Reaction Negative Negative Negative Negative Negative Negative Negative 
Morphology Small thin 
rods 
Small thin 
rods 
Small thin 
rods 
Small thin 
rods 
Small thin 
rods 
Small 
thin rods 
Small thin 
rods 
Arrangement Single Single Single Single Single Single Single 
Cultural  
Characteristics                
Size Big to 
medium 
Medium to 
big 
Small to 
medium 
Small to 
medium 
Medium  Medium 
to big 
Small 
Shape Irregular Irregular Irregular Irregular Regular Irregular Round 
Texture Rough Rough Smooth Smooth Smooth Smooth Smooth 
Margin Uneven Uneven Uneven Uneven Even Uneven Even 
Elevation Flat Flat Flat Flat edges 
& elevated 
centre 
Raised Flat Raised 
Color Greenish 
blue 
Greenish 
blue 
Greenish 
Blue 
greenish 
blue 
Yellowish 
cream 
Bluish 
green 
Colorless 
Opacity Translucent Translucent Translucent Translucent Opaque Opaque Translucent 
Key tests of  Pseudomonadaceae family 
Motility + + + + - + - 
Catalase Production + + + + - + + 
Oxidase Production + + + + + + + 
Starch Hydrolysis - - - - + - - 
Gelatin Hydrolysis + + + + - + + 
Gelatin Liquification + + + - - - + 
Growth on 
MacConkey's Agar 
+ + + + - + + 
Growth on NaCl       
2.5% + + + + - + + 
5% + + + + - + + 
7% + + + + - + + 
10% - - - - - - - 
Sugar Fermentation      
Glucose - - - -  - - 
Fructose - - - - + - - 
Sucrose - - - - + - - 
Lactose - - - - + - - 
Arabinose - - - - + - - 
Sorbitol - - - - + - - 
Miscellaneous test       
H2S Production - - - - + - - 
Indol Production - - - - + - - 
Urea Hydrolysis - - - - + - - 
Ammonia Production + + + + - + + 
Nitrate Reduction - - - - + - - 
Citrate Utilization  + + + + - + + 
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Table 2.4 Biochemical or physiological profiles of different strains 
Continue… 
 
Strains P22 P23 P24 P25 P26 
Morphological Characteristics   
Gram's Reaction Negative Negative Negative Negative Negative 
Morphology Small thin 
rods 
Small thin 
rods 
Small thin 
rods 
Small thin 
rods 
Small thin 
rods 
Arrangement Single Single Single Single Single 
Cultural Characteristics    
Size Medium to 
big 
Small  Small Big Medium to 
big 
Shape Irregular Regular Regular Irregular Irregular 
Texture Smooth Smooth Smooth Smooth Rough 
Margin Uneven Even Even Uneven Uneven 
Elevation Flat Flat Raised Flat Flat 
Color Brownish 
yellow 
Peach 
yellow 
Colorless Bluish green Bluish green 
Opacity Opaque Translucent Translucent Opaque Translucent 
Key tests of Pseudomonadaceae family   
Motility + + - + + 
Catalase Production + + + + + 
Oxidase Production + + + + + 
Starch Hydrolysis - - - - - 
Gelatin Hydrolysis + + + + + 
Gelatin Liquification + - + + + 
Growth on MacConkey's 
Agar 
+ + + + + 
Growth on NaCl     
2.5% + + + + + 
5% + + + + + 
7% + + + + + 
10% - - + - - 
Sugar Fermentation    
Glucose - - - - - 
Fructose - - - - - 
Sucrose - - - - - 
Lactose - - - - - 
Arabinose - - - - - 
Sorbitol - - - - - 
Miscellaneous test     
H2S Production - - - - - 
Indol Production - + - - - 
Urea Hydrolysis - - - - - 
Ammonia Production + + + + + 
Nitrate Reduction - - - - - 
Citrate Utilization  + - + + + 
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Table 2.5 Antibiotic sensitivity test  
 
 
 
 
 
 
Strains P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 
Antibiotics 
Conc (µg) Zone of Inhibition (mm) 
Amikacin 10 21 16 20 17 19 16.5 20 14 10 16 23 22.5 20 
Amikacin 30 19.5 19 19 23 22 18 18 0 11.5 16 22 22 18 
Ampicillin 100 0 0 0 0 0 0 0 0 0 13 0 0 0 
Augmentin 100 0 0 0 0 0 0 0 0 0 10 0 0 0 
Carbenicillin 100 0 0 0 0 20 0 0 0 10 0 11 0 0 
Ceftaxidime 30 0 0 0 0 0 0 0 0 13 0 0 0 0 
Ceftazidime 10 0 0 0 0 0 0 0 0 12.5 10 15 0 0 
Ceftriaxone 30 0 0 0 0 13 0 0 0 11 22 13 0 0 
Cephotaxime 30 0 0 0 0 20 0 0 0 8 0 14 0 0 
Cephoxitin 30 0 0 0 0 0 0 0 0 0 18 0 0 0 
Chloramphenicol 30 0 0 0 0 21 0 0 30 20 0 15 0 0 
Chloramphenicol 10 0 0 0 0 12 0 0 24 26 0 14 0 0 
Ciprofloxacin 10 31 31 30 30 30 30 30 30 20 28 30 32 28 
Colistin 10 0 8 7 7.5 10 6 0 0 8.5 0 11 7 0 
Gentamicin 10 13.5 14 15 14 14 13.5 14 14 8 14 17 13.5 14 
Gentamincin 30 19.5 17 16.5 13 16 18 16 0 12.5 15 14 15 14 
Netillin 30 15.5 11 15 16 11 16 15 16 9 18 16 18 15 
Norfloxacin 10 25 22 25 24 33 24 25 0 17 26 34 25 26 
Piperacillin 100 0 0 0 0 17 0 0 0 17 8 18 0 0 
Piperacillin 10 10 0 0 0 12 0 0 0 10 9 17 0 0 
Tobramycin 10 14 13 12 14 15 14 13 0 8 13 18 19 14 
Tobramycin 30 19 16.5 16 15 22 19 17 0 13 14 17 17 16 
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Table 2.5 Antibiotic sensitivity test 
Continue...  
  
 
Strains P14 P15 P16 P17 P18 P19 P20 P21 P22 P23 P24 P25 P26 Antibiotics 
Conc (µg) Zone of Inhibition (mm) 
Amikacin 10 17 18 22 20 16 22 18 9 17 20 18 10 16 
Amikacin 30 18 21 28 22 18 22 20 21 18 18 17 18 14 
Ampicillin 100 0 0 0 0 0 0 0 0 0 17 0 0 0 
Augmentin 100 0 0 0 0 0 0 0 0 0 0 0 0 0 
Carbenicillin 100 0 0 0 0 0 0 9 0 0 10 0 0 18 
Ceftaxidime 30 0 0 0 0 0 0 0 8 0 21 0 0 11 
Ceftazidime 10 12 16 0 13 0 0 0 0 0 23 0 0 18 
Ceftriaxone 30 11 0 26 0 0 0 0 0 0 20 11 0 12 
Cephotaxime 30 0 0 0 0 0 0 18 0 0 25 0 0 18 
Cephoxitin 30 0 0 0 0 0 0 0 0 0 19 0 0 0 
Chloramphenicol 30 0 0 1 9 0 10 12 0 0 16 19 6 0 
Chloramphenicol 10 0 0 0 0 0 8 0 10 0 25 0 9 13 
Ciprofloxacin 10 26 32 36 34 30 26 28 30 29 20 25 30 22 
Colistin 10 7.5 7.5 7 0 8 8.5 7 14 7 <10 7 7 7 
Gentamicin 10 13.5 12 14 15 11 19 14 8 12 17 14 14 10 
Gentamincin 30 14 14 18 18 15 20 17 15 13 20 14 14 11 
Netillin 30 13 16 24 18 15 17 16 14 10 15 14 15 10 
Norfloxacin 10 18 26 28 28 0 22 28 22 21 18 23 22 29 
Piperacillin 100 0 0 0 0 0 0 0 15 0 17 18 0 12 
Piperacillin 10 0 0 0 0 0 0 0 13 0 17 18 0 21 
Tobramycin 10 15 18 20 16 15 16 14 12 14 23 21 14 13 
Tobramycin 30 14 17 20 20 15 17 16 18 15 18 22 15 14 
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Table 2.5 Antibiotic sensitivity test 
Continue… 
Antibiotics Strains P23 P26 
 Conc. (µg) Zone of Inhibition (mm) 
Ampicillin + Sulbactum 10/10 20 0 
Piperacillin + Tazobactam 100/10 25 19 
Ticarcillin + Clavulanic acid 75/10 10 18 
Cephalothin 30 17 0 
Cefuroxime 30 27 0 
Cefoperazone 75 25 21 
Amoxyclav 10 0 0 
Ceftriaxone 30 28 19 
Cefpodoxime 30 23 22 
Cefuperazone/Sulbactum 75/30 23 16 
Ceftazidime 30 24 20 
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Table 2.6 Rapid ID 32 E tests for identification of Strain P23 
 
Gram Staining  Gram negative small rods 
Motility Motile 
Medium Used MacConkey’s agar, Blood agar, Neutron 
agar, EMB and Pseudomonas isolation agar 
Organism isolated Pseudomonas sp. 
O-Nitrophenyl/N-Acetyl/ β-D 
Glucosaminide 
Negative 
P-Nitrophenyl/β-D-
Glucosaminide 
Negative 
Oxidase test Positive 
  
Urease Negative Saccharose Negative 
Lysine decarboxylase Negative 5-keto Gluconate Negative 
Ornithine decarboxylase Negative Palatinose Negative 
Esculin Negative Galacturonate Negative 
Arabinose Negative Colistin Negative 
Adonitol Negative Coumarate Negative 
Rhamnose Negative Tetra thionate reductase Negative 
Manitol Negative Glucuronate Negative 
Sorbitol Negative Mannose Negative 
Cellobiose Negative Maltose Negative 
Melibiose Negative Alpha Galactosidase Negative 
Indole Negative Indoxyl phosphate Negative 
Malonate Negative Raffinose Negative 
Phenyl alanine desaminase Negative Trehalose Negative 
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Figure 2.6 Phylogenetic tree of strain P26
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Figure:2.6 Phylogenetic tree of strain P12 
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Discussion 
 
Azo dyes are widely used in textile industry around the world.  It is very 
difficult to treat the effluents from textile and dyeing industries by the commonly used 
physical and chemical methods mainly because of its high BOD, COD, heat, color pH 
and the presence of metals. Moreover the physical and chemical methods have 
disadvantages of being highly expensive, coupled with the formation of large amount 
of sludge and the emission of toxic substances [28]. The removal of dyes from 
effluents has received considerable attention [29].  Bioremediation is a promising cost 
effective and environmental friendly method for dye removal as it is an enhanced way 
of biodegradation. The general approach of bioremediation is to improve the natural 
degradation capacity of native organisms. Azo dyes are xenobiotics and their 
degradation in nature is rather difficult. Moreover the anaerobic degradation of azo 
dyes produces aromatic amines, which are carcinogenic and mutagenic [31]. Hence 
the aerobic treatment is the only safe method for the biodegradation of textile azo 
dyes.  
 In the present study we have isolated dye decolorizing bacteria from the 
effluents of dyeing and textile industries and petrol pump and garden soils. 
Decolorization is affected by the media and the structure variability of dyes. Bacteria 
present in dyeing effluents are found to be fastidious as the number of bacteria is 
higher in complex medium compared to chemically defined medium. Complex media 
met the nutritional demands and thus enhanced the growth of bacteria which in turn 
increases decolorization. Higher decolorization in case of RRH8B is due to the 
presence of higher number of bacteria and presence of azo chromophore in the dye. 
Decolorization of Reactive Blue 2 is affected due to the presence of triazine ring 
present in the dye as stated by Jain Yu et al. A recalcitrant anthraquinone dye, 
Reactive Blue 2 is decolorized to 77% by consortium compared to 18% by single 
strain of Pseudomonas spp. [162]. In our case decolorization of anthraquinone dye 
RBH5G is less due to its complex structure in both media. Decolorization of two 
anthraquinone reactive dyes [Reactive Blue 4 (RB4) and Reactive Blue 19 (RB19)] 
was investigated using a mixed, methanogenic culture [163-165]. The extent of color 
removal was in the range of 73-90% for RB4, and 90-95% for RB19. However, 
biological decolorization of full-strength reactive spent dye-baths using a 
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methanogenic culture was not feasible because of culture inhibition by the 
anthraquinone dyes and high salt content of the reactive dye-baths. 
All the twenty six strains are Gram-negative. Most of them belong to 
Pseudomonasdaceae family except strains P8, P9, P19, P21 and P24. These 
Pseudomonas strains differ in their colony characteristics and pigment production. 
Strains were selected on the basis of their ability to decolorize RBB completely 
rapidly. Most strains except P9, P19, P24, almost completely decolorized RBB. 
Disappearance of the peak connoted the degradation of dye. Secondary screening was 
carried out to select strains having the ability to decolorize a wide range of dyes, to 
grow in chemically defined medium and to decolorize over a wide pH range. Strains 
that decolorized most of dyes in both medium over a wide pH range were selected. 
Biomass production of most of the strains occurred after a lag phase of 4 h. These 
strains decolorized the dye less and that too initiated after a lag. It indicates 
decolorization to be a growth-associated process. Decolorization increases with 
increase in biomass. Biomass production occurs equally well in the presence or 
absence of dye. The pattern of growth and decolorization varied with strains. 
Decolorization rate is higher in first 12 h due to the higher concentration of dye, 
which decreased thereafter. On the basis of primary and secondary screening; three 
potent dye degraders were selected on the basis of their ability to degrade several dyes 
having complex structures even at their high concentrations in both complex and 
chemically defined media over a broad pH range.  These strains are tentatively 
identified as Pseudomonas strains and for further confirmation they were identified by 
16s rRNA sequencing as different species of Pseudomonas aeruginosa and used for 
the further detail study.  
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Degradation and Decolorization of Dyes by 
Pseudomonas Strain P23 
 
 
Introduction 
 Over the last decades, the increasing demand for dyes by the textile industry has 
shown a high pollutant potential. It is estimated that around 10-15% of the dyes are lost 
in the effluent during the dyeing processes [166, 167]. The discharge of highly colored 
synthetic dye effluents can be very damaging to the receiving water bodies, since these 
dyes in the water strongly absorb sunlight, which decreases the intensity of light absorbed 
by water plants and phytoplankton, reducing photosynthesis and the oxygenation of water 
reservoirs. Also, public perception of water quality is greatly influenced by its color. The 
presence of unnatural colors is aesthetically unpleasant and tends to be associated with 
contamination. In addition, dyes used in the textile industry may be toxic to aquatic 
organisms and can be resistant to natural biological degradation [168, 169]. Azo dyes 
represent a major group of dyes causing environmental concern because of their color, 
recalcitrance and potential toxicity to animal and human life [31]. Due to their stability 
and xenobiotic nature, reactive azo dyes are not totally degraded or exhibit slow 
degradation by conventional wastewater biological treatment processes [168]. Although 
the efficiency of advanced oxidation processes for degradation of recalcitrant compounds 
has been extensively documented, [89, 170, 171] their use for removal of dyes from 
textile wastewater has some drawbacks, such as high operating and equipment costs. 
3 
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Alternative methods involving bioremediation have therefore been increasingly sought 
[172]. Several combined anaerobic and aerobic microbial treatments have been suggested 
to enhance the degradation of textile dyes [135, 146, 147]. However, under anaerobic 
conditions, azo-reductases usually cleave azo dyes into the corresponding amines, many 
of which are mutagenic and/or carcinogenic [135, 147, 148]. These aromatic amines 
should then be further treated using aerobic biological treatment methods [149-155]. 
Hence the aerobic treatment is the only safe method for the biodegradation of textile azo 
dyes. Microbial species of bacteria, actinomycetes, fungi and algae are capable of 
removing azo dye via biotransformation, biodegradation [139, 173, 174] and the 
effectiveness of microbial treatment depends on the survival, adaptability and activity of 
the selected organisms [175, 176]. The decolorization rate of the azo dyes also depends 
on their oxidation potential. Environmental biotechnology relies on the pollutant 
degrading capacities of naturally occurring microbial consortium in which bacteria play 
central role [177]. Under aerobic conditions the azo dyes are nondegradable by most of 
the bacteria. A few studies have been conducted to identify bacterial species that are 
capable of aerobically degrading azo dyes. Certain bacteria degrading azo dyes 
aerobically like Bacillus stearothermophilus are able to produce microperoxidases. 
Flavibacterium also produces a peroxidase reportedly involved in the aerobic degradation 
of azo dyes [178]. A degradative pathway has been elucidated for the aerobic degradation 
of sulfonated azo dyes by Pseudomonas strains [35].  
 As described in previous chapter, we have isolated and identified 26 dye 
decolorizing strains from dyeing effluents and soil samples. On the basis of primary and 
secondary screening, we have screened out three potent dye decolorizing strains (P23, 
P26 and P12) for further studies. In the present chapter we report the aerobic degradation 
of azo, TPM, anthraquinone and sulphonphthalein dyes by a Pseudomonas strain P23 
under certain cultural, nutritional and environmental conditions.  
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Materials and Methods 
 
3.1 Microbial strain. Strain P23 was isolated from the effluents of dyeing and 
printing units in Jetpur, Gujarat, India. It was identified as Pseudomonas strain. The 
culture was grown on GPY medium and maintained at 4°C. 
3.2 Dyes. Azo dyes mostly used by the dyeing and printing units at Jetpur were 
selected from the list of dyes. Stock solutions (1% w/v) of the dyes were prepared in 
distilled water and stirring them on shaker for 1-2 h at 40 rpm. In the case of 
sulphonphthalein dyes (Bromophenol Blue and Phenol Red) and TPM dyes (Methyl Red, 
Methyl Green and Malachite Green), the stock solutions (0.5 mM) were stirred overnight. 
The amount of respective dye that would give Amax between 0.8-1, was added in the 
media (Appendix-I) if not indicated otherwise. 
3.3 Culture media 
 Glucose peptone yeast extract medium (GPY) contained g.L-1 glucose (10), 
peptone (5), and yeast extract (3) and the pH was adjusted to 7 before sterilization 
 Sutherland medium contained g.L-1  Na2HPO4 (4), (NH4)2SO4 (3), yeast extract 
(0.5), NaCl (0.2), MgSO4.7H2O (0.05), CaCl2.2H2O (0.05), KH2PO4 (1), succinic 
acid (10) and the pH was adjusted to 7.2 before sterilization                                                                                                                                                                                                        
 Mineral salt medium (MSM) contained g.L-1 KH2PO4 (2), (NH4)2HPO4 (4), 
MgSO4 (0.2), NaCl (0.5), yeast extract (1), glucose (1) and the pH was adjusted to 
7.4 before sterilization 
 Nutrient medium contained g.L-1 peptone (5), NaCl (5), yeast extract (2), beef 
extract (1) and the pH-7.4 [Hi-media] 
 Bushnell & Hass medium (B & H) contained g.L-1  ammonium nitrate (1), ferric 
chloride (0.05) and pH-7 [Hi-media] 
3.4 Inoculum preparation. With a loop full of culture 5 ml of GPY medium was 
inoculated and incubated at 37°C for 4-5 h under static condition. This 5 ml of active 
culture used as inoculum in 250 ml of Erlenmeyer flask containing 45 ml of GPY 
medium and incubated on rotary shaker (40 rpm) at 37°C for 18 h. This activated culture 
having OD600 of 0.7-1 was used as inoculum for all experiments. 
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3.5 Decolorization of azo, triphenylmethane and sulphonphthalein dyes by 
Pseudomonas P23. Tubes containing 7.2 ml of GPY medium and the dye (Appendix-I) 
were inoculated with 10% (v/v) of 18 h old inoculum and incubated at 37°C under static 
condition. Tube containing 8 ml of GPY medium and the respective dye served as 
uninoculated control and the tube containing 7.2 ml GPY medium and inoculum without 
dye served as growth control. These controls were included in all the experiments.  
3.6 Decolorization on solid media. Pseudomonas strain P23 was cultivated on 
GPY agar plate at 37°C containing 1% (w/v) of Remazol Black B. Color of the 
inoculated plate was compared with that of the uninoculated plate after 24 h cultivation.  
3.7 Correlation between growth and decolorization. 250 ml Erlenmeyer flasks 
containing 45 ml of GPY medium and the dye were inoculated with 10% (v/v) of 18 h 
old inoculum and incubated under static condition at 37°C. Flask containing 50 ml GPY 
medium and the respective dye was served as uninoculated control. Flask containing 45 
ml GPY medium and 10% (v/v) of inoculum was used as the growth control. 
 3.8 Decolorization of RBB by static cultures of Pseudomonas P23 initiated 
with varying inoculum age. Remazol Black B (RBB) was chosen for further studies. 
Activated cultures of varying age were spun (9000 rpm for 15 min) and biomass 
resuspended in distilled water to get the OD600 between 0.55-0.65. 250 ml Erlenmeyer 
flasks containing 45 ml of GPY medium and RBB were inoculated with 10% (v/v) of 
varying ages (0, 6, 12, 18 and 24 h) and incubated under static condition at 37°C.  
 3.9 Decolorization of RBB by static cultures of Pseudomonas P23 initiated 
with varying inoculum size.  18 h old inoculum of varying sizes (0.5, 1, 5, 10 and 20%) 
were used to inoculate 250 ml Erlenmeyer flasks containing 45 ml of GPY medium 
containing RBB and incubated under static condition at 37°C.  
 3.10 Decolorization of RBB by static and shake cultures of Pseudomonas P23. 
Influence of static and shaking condition on the decolorization and growth was tested 
using GPY medium. 250 ml Erlenmeyer flasks containing 45 ml of GPY medium 
containing of RBB were inoculated with 10% (v/v) of the 18 h old activated culture. One 
set of flasks including the test and two controls were incubated under static condition and 
the other under shaking condition (40 rpm) at 37°C.  
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 3.11 Decolorization of RBB by Pseudomonas P23 growing on various media. 
250 ml Erlenmeyer flasks containing 45 ml of different media GPY, MSM, Sutherland, 
Nutrient and Bushnell and Hass medium containing RBB were inoculated with 10% (v/v) 
of 18 h old inoculum and incubated under static condition at 37°C. 
 3.12 Decolorization of RBB by Pseudomonas P23 growing on ingredients of 
GPY. The same experimental procedure was followed using GPY medium, individual 
ingredients of GPY (glucose, peptone, yeast extract) and in combination with GPY’s 
ingredients (peptone & yeast extract, yeast extract & glucose and glucose & peptone). 
3.13 Decolorization of RBB by Pseudomonas P23 growing on varying glucose, 
peptone and yeast extract conc. Concentration of glucose (0-5%), peptone (0-3%) or 
yeast extract (0-3%) in the medium was varied in the GPY medium containing RBB. All 
other experimental conditions were as described above. 
3.14 Decolorization of RBB by Pseudomonas P23 in the presence of various 
carbon sources. Carbon sources (Glucose, β-Glucose, Galactose, Lactose, Sucorse, 
Fructose, Ribose, Xylose, Maltose, Mannose, Arabinose, D-Sorbitol, Inositol and 
Raffinose) used instead of succinic acid in Sutherland medium were sterilized (10 psi, for 
10 min) and added separately. All other conditions were as described in 3.5. 
3.15 Decolorization of RBB by Pseudomonas P23 in the presence of various 
nitrogen sources. Nitrogen sources [Yeast extract, Beef extract, Peptone, Glycine, Urea, 
(NH4)2SO4, NH4Cl, KNO3, and NaNO3] were used instead of the original nitrogen sources 
yeast extract and (NH4)2SO4 present in Sutherland medium. All other conditions were as 
described in 4.5. 
3.16 Decolorization of RBB by Pseudomonas P23 growing at varying 
temperature. Tubes containing 7.2 ml of GPY medium and RBB were inoculated with 
800 µl of 18 h old inoculum and incubated under static condition at various temperatures 
(10, 15, 25, 28, 37, 42 and 50°C). Tube containing 8 ml of GPY medium and RBB served 
as RBB control and tube containing 7.2 ml GPY medium and inoculum without RBB 
served as growth control.  
3.17 Decolorization of RBB by Pseudomonas P23 growing at varying initial 
pH of GPY. 250 ml of Erlenmeyer flasks containing 50 ml of GPY medium (pH 4-10) 
containing RBB were inoculated with 10% (v/v) of 18 h old activated culture and 
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incubated under static condition at 37°C. Medium pH was adjusted with 1 M HCl and 1 
M NaOH before sterilization. After autoclaving, pH of the medium did not change. 
3.18 Decolorization of RBB by Pseudomonas P23 in the presence of varying 
NaCl conc. NaCl conc (0, 0.1, 0.5, 1, 5, 7 and 10%) was varied in the GPY medium 
containing of RBB. All other conditions were as described in 3.5. 
3.19 Decolorization of RBB by Pseudomonas P23 in the presence of metal 
salts. Appropriate amount of separately sterilized stock solution of metal salts [K2Cr2O7, 
Pb(NO3)2,  HgCl2,  ZnSO4, AgSO4,  ZrOCl2, (NH4)2MoO4, HgO, CoCl2, CuSO4, CdI2, 
SnCl2, and NaAsO3] was added to get final concentration of 75, 100, and 125 ppm in the 
GPY medium. Rest of the experimental procedure was the same as described in 3.5.  
3.20 Decolorization of RBB by Pseudomonas P23 in the presence of varying 
RBB conc. Decolorization and growth were evaluated with varying initial RBB 
concentrations (25-2500 ppm) in 250 ml Erlenmeyer flask containing 45 ml of GPY 
medium. Dye (for each concentration) and growth controls were included as described 
above. The flasks were inoculated with 10% (v/v) of 18 h old inoculum and incubated at 
37°C under static condition.  
3.21 Decolorization of mixture of dyes by Pseudomonas P23. The same 
experimental procedure was followed to assess the extent of degradation of mixture of 
the dyes; each at a concentration of mg.ml-1.  The mixture of dyes showed 2 defined 
peaks (λ506 and λ624). Decolorization was therefore followed at both the peaks. The dyes 
which were not decolorized by Pseudomonas P23 were omitted from the mixture of dyes 
in the next experiment. This mixture of dye showed only one defined peak at λ496.  
3.22 Analytical methods. Samples harvested at time intervals indicated in the 
legend to the respective figures were analyzed for the residual dye and biomass.  
Samples (2 ml) were spun at 9000 rpm for 15 min. The supernatants were 
analyzed spectrophotometrically using 1601 Shimadzu UV spectrophotometer for 
residual dye and scanned in the 400-700 nm. The pellet was suspended in 2 ml of 
distilled water and A600 was measured for the estimation of biomass.   
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     Results 
 
 3.5 Decolorization of azo, triphenylmethane and sulphonphthalein dyes by 
Pseudomonas P23. Pseudomonas P23 cultivated on GPY medium decolorized within 
24 h all the azo dyes (Table 2.1; 1-10, 12, 19-24) completely at 25-150 ppm initial 
concentration. Such Pseudomonas cultures decolorized within 24 h 47 (52%), 24 
(60%), and 39 (56%) ppm of the anthraquinone dyes Remazol Brilliant Blue R, 
Reactive Blue H5G and Remazol Turquoise Blue G respectively. Decolorization of 
triphenylmethane dyes Methyl Red and Methyl Green by Pseudomonas P23 within 24 
h was 130 (96%) and 299 (98%) ppm respectively. Pseudomonas P23 decolorized 3 
(66%), 15  
(61%), 126 (93%), and 1 (23%) ppm of the TPM dyes Methylene Blue, Brilliant 
Green, Malachite Green, and Fast Green respectively within 24 h. Decolorization of 
sulphonphthalein dye Bromophenol Blue by Pseudomonas P23 within 24 h was 8 
(134%) ppm while Phenol Red was not decolorized [Figure 3.1.1]. Phenol Red is a 
pH indicator dye (pH 6.4-8.2). The initial brownish orange color of the medium 
indicating neutral pH, changed to dark pink upon growth of Pseudomonas implying 
alkaline pH of the medium. The growth of Pseudomonas P23 occurred well in the 
presence of the dyes compared to without dye. Methyl Green, Methyl Red and 
Malachite Green inhibited the growth of the organism. Anthraquinone dyes Remazol 
Turquoise Blue G, Reactive Blue H5G, TPM dye Fast Green, Brilliant Green and 
sulphonphthalein dye Bromophenol Blue adsorbed on the cell surface, as evidenced 
by the deeply colored bacterial biomass. UV-Vis spectra analysis of the dye-
containing medium at regular time intervals [Figure 3.1.2] shows disappearance of the 
peak in the visible region of the spectra of the dyes and in the test providing evidence 
of not just decolorization but also extensive degradation of the dyes. In the cases e.g., 
Brilliant Green, where the dye adsorbed to the cell mass, typical spectral changes 
were observed [Figure 3.1.2].  
3.6 Decolorization on solid media.  The color removal on inoculated plates 
was clearly visible while the uninoculated plates did not show any change [Plate 3.1]. 
Bacterial colonies were colorless suggesting that the dye did not adsorb the cells. 
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Figure 3.1.1 Decolorization of azo, TPM, anthraquinone and sulphonphthalein dyes by the static cultures of Pseudomonas strain P23 
growing on GPY    medium 
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Plate 3.1 Decolorization of RBB by Pseudomonas P23 on GPY agar plate  
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Figure 3.1.2 Spectral analysis for decolorization of dyes by the static cultures of Pseudomonas 
P23 growing on GPY medium after 24 h incubation  
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Figure 3.2 Correlation between biomass and decolorization by the static cultures of 
Pseudomonas P23 growing on GPY medium 
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Figure 3.3.1 Decolorization of RBB by the static cultures of Pseudomonas P23 growing on 
GPY medium initiated with 0, 6, 12, 18 and 24 h age of inoculum; A. Residual dye B. Biomass  
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Figure 3.3.2 Spectral analysis for decolorization of RBB by the static cultures of Pseudomonas 
P23 growing on GPY medium initiated with 0, 6, 12, 18 and 24 h inoculum age (a) 0 (b) 6 (c) 
12 (d) 18 (e) 24 h 
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Figure 3.4.1 Decolorization of RBB by the static cultures of Pseudomonas P23 growing on 
GPY medium initiated with 0.5, 1, 5, 10 and 20% inoculum size; A. Residual dye B. Biomass  
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Figure 3.4.2 Spectral analysis for decolorization of RBB by the static cultures of Pseudomonas 
P23 growing on GPY medium initiated with 0.5, 1, 5, 10 and 20% inoculum size;  (a) 0.5 (b) 1 
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In the cultures started with 0.5 and 1% inocula size, 39 ppm dye was decolorized after 
12 hours. Moreover, decolorization occurred after a lag of 3 hours when the cultures 
were started with 0.5% inoculum. This lag was not seen with cultures inoculated with 
1% inoculum but dye decolorization was slower than the cultures started with bigger 
inocula. The pattern of biomass changes was similar in all the cultures irrespective of 
the inoculum size but the amount of biomass in these cultures was in the decreasing 
order with the inoculum size. Spectral analysis of the partially and completely 
decolorized samples provided additional evidence for the disappearance of peak and 
differences in the decolorization rates among the cultures initiated with varying sizes 
of inocula [Figure 3.4.2].  
3.10 Decolorization of RBB by static and shake cultures of Pseudomonas 
P23. Agitated and static cultures of Pseudomonas P23 propagated in GPY medium 
decolorized 29 and 38 ppm RBB within 4 h [Figure 3.5]. Both the culture types of 
Pseudomonas P23 decolorized RBB completely within 24 h. Biomass production was 
higher in shake cultures compared to static cultures. Spectral analysis clearly 
demonstrates the superiority of the static cultures for the decolorization of the dyes 
[Figure 3.5]. 
3.11 Decolorization of RBB by Pseudomonas P23 growing on various 
media. Pseudomonas strain P23 showed highest decolorization in GPY medium. The 
decolorization rates under static cultivation condition in five different media were in 
the order GPY>Nutrient medium>MSM>Sutherland >B & H. Static cultures growing 
on GPY eliminated within 4 h, 38 ppm RBB of the initially provided 40 ppm [Figure 
3.6.1]. Same results obtained in Nutrient and MSM media after 12 h, while in 
Sutherland medium it took 24 h. Decolorization was poor when Pseudomonas strain 
P23 grown in B & H medium; only 18 ppm dye was eliminated  after 96 h. Biomass in 
five different media were GPY>Nutrient medium>Sutherland>MSM after 24 h 
cultivation.  Spectral analysis of samples provided additional evidence for the 
disappearance of peak and differences in the decolorization rates among the cultures 
growing on different media [Figure 3.6.2]. 
 3.12 Decolorization of RBB by Pseudomonas P23 growing on ingredients 
of GPY. Ingredients of GPY medium were used individually and in combination with 
other ingredients to study their effects on RBB decolorization. Decolorization and 
biomass synthesis did not occur when only glucose was present in the medium 
[Figure 3.7.1].  
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Figure 3.5 Decolorization of RBB by the static and shake cultures of Pseudomonas P23 
growing on GPY medium;  
A Residual dye  
B Correlation between growth and decolorization of RBB  
C Spectral analysis for the decolorization of RBB by the shake culture of Pseudomonas P23  
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Figure 3.6.1 Decolorization of RBB by the static cultures of Pseudomonas P23 growing on 
various media; A. Residual dye B. Growth of Pseudomonas P23 growing on various media 
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Figure 3.6.2 Spectral analysis for decolorization of RBB by the static cultures of Pseudomonas 
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Figure 3.7.1 Decolorization of RBB by static cultures of Pseudomonas P23 growing on ingredients of 
GPY; A. Residual dye B. Biomass  
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Figure 3.7.2 Spectral analysis for decolorization of RBB by the static cultures of Pseudomonas 
P23 growing on GPY’s ingredients; (a) GPY (b) Glucose (c) Peptone (d) Yeast extract (e) 
GPY without glucose (PY) (f) GPY without peptone (YG) (g) GPY without yeast extract (GP) 
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Highest decolorization was found on GPY medium that contained all the ingredients. 
Decolorization rate was slower using only peptone compared to only yeast extract. 
Decolorization rate was higher in the presence of peptone with yeast extract or glucose 
while it was slower in the absence of peptone. Decolorization rate and biomass did not 
vary much with other combinations. Glucose did not affect decolorization as compared to 
biomass; biomass was higher in the presence of glucose in combination with peptone or 
yeast extract. Individual ingredients did not support the growth of Pseudomonas P23. 
Spectral analysis for the RBB decolorization by static cultures of Pseudomonas P23 
growing on different ingredients of GPY medium illustrated the disappearance of peak 
and difference in the decolorization rate [Figure 3.7.2]. 
3.13 Decolorization of RBB by Pseudomonas P23 growing on varying glucose, 
peptone and yeast extract conc. Different glucose concentrations over a range of 0-5% 
were selected to study the influence of glucose concentration on the decolorization by 
Pseudomonas strain P23 growing on GPY medium. Decolorization of RBB increased 
with increasing glucose concentration [Figure 3.8]. 2 ppm of RBB remained even after 48 
h in the absence of glucose. Biomass synthesis was similar with various glucose 
concentrations in the medium but it decreased in the absence of glucose.  
Pseudomonas P23 completely decolorized RBB within 24 h even at low 
concentrations of peptone [Figure 3.8]. Decolorization was similar when peptone 
concentration in the medium was varied in the range 0-3%. After 24 h cultivation, 
cultures containing varying concentration of peptone showed no significant difference in 
the biomass. Biomass was lower in the cultures cultivated on (GY) in the absence of 
peptone.  
 Decolorization of RBB by Pseudomonas P23 increased with increasing yeast 
extract concentration while it took longer time in the absence of yeast extract. Biomass 
also increased with increasing concentration of yeast extract and was less in the absence 
of yeast extract [Figure 3.8]. 
3.14 Decolorization of RBB by Pseudomonas P23 in the presence of various 
carbon sources. Decolorization of RBB by static culture of Pseudomonas strain P23 
growing on chemically defined Sutherland medium were employed to study the 
effectiveness of various ‘C’ sources to support the growth and decolorization. Original  
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Figure 3.8 Decolorization of RBB by the static cultures of Pseudomonas P23 growing on GPY 
medium having various conc of glucose, peptone and yeast extract after 24 h A. Residual dye 
(varying glucose conc) B. Growth of Pseudomonas P23 (varying glucose conc) C. Residual dye 
(varying peptone conc) D. Growth of Pseudomonas P23 (varying peptone conc) E. Residual dye 
(varying yeast extract conc) D. Growth of Pseudomonas P23 (varying yeast extract conc)  
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Figure 3.9 RBB Decolorization by Pseudomonas P23 growing on Sutherland medium 
supplemented with various carbon sources after 24 h [A & B] and ‘N’ sources after 24 and 72 
h [C & D]; A. Residual dye B. Biomass C. Residual dye D. Biomass  
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carbon source succinic acid replaced by different carbon sources in the Sutherland 
medium used for the growth of Pseudomonas P23. All carbon sources except 
raffinose, inositol and sorbitol supported complete decolorization of RBB by 
Pseudomonas P23 compared to original carbon source within 24 h [Figure 3.9]. In the 
presence of raffinose, inositol, sorbital and succinic acid, Pseudomonas strain P23 
decolorized RBB up to 23 ppm within 48 h. Growth was higher compared to original 
carbon source while it was less in the presence of raffinose, inositol and sorbitol. 
3.15 Decolorization of RBB by Pseudomonas P23 in the presence of 
various nitrogen sources. Figure 3.9 depicts the influence of nitrogen source on RBB 
decolorization by Pseudomonas P23 growing on Sutherland medium containing 
succinic acid as carbon source and yeast extract and (NH4)2SO4 as original nitrogen 
source. RBB was decolorized almost completely (39, 38 and 37 ppm respectively) in 
the presence of peptone, yeast extract and beef extract. Pseudomonas strain P23 
growing on the medium containing original nitrogen source decolorized 36 ppm of 
RBB while in the absence of nitrogen source RBB decolorized up to 33 ppm within 72 
h. Decolorization was less (31, 30 and 28 ppm respectively) in the presence of 
Glycine, (NH4)2SO4 and NH4Cl. Other nitrogen sources like NaNO3 and KNO3 did not 
support RBB decolorization (16 and 12 ppm respectively) and growth of 
Pseudomonas P23. RBB decolorized only 3 ppm within 72 h when urea was used as 
nitrogen source. Biomass was high in the presence of peptone, yeast extract and beef 
extract, while other nitrogen sources did not support the growth of Pseudomonas P23.  
3.16 Decolorization of RBB by Pseudomonas P23 growing at varying 
temperature. Static cultures of Pseudomonas strain P23 growing on GPY medium 
decolorized RBB in the temperature range 10-50 C˚ . Figure 3.10.1 illustrates that the 
suitable temperature for the decolorization of RBB ranged from 10-50 C with a less ˚
decolorization efficiency toward both ends of the temperature range. At 10 C˚ , 30 ppm 
of RBB was decolorized and at 50 C temp˚ erature only 4 ppm RBB remained with 
initial concentration of 40 ppm within 72 h. At temperatures of 15-40 C RBB ˚ was 
completely decolorized within 72 h however, at 37 C RBB˚  was completely 
decolorized within 24 h. Biomass was higher in the cultures cultivated at 25-40 C and ˚
decreased toward both ends of temperature range. Comparison of spectra of the 
control and test demonstrated the reduction and further disappearance of peak of the 
dye in the test [Figure 3.10.2].  
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Figure 3.10.1 Decolorization of RBB by static cultures of Pseudomonas P23 growing on GPY 
at varying temperature; A. Residual dye B. Biomass  
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Figure 3.10.2 Spectral analysis for the decolorization of RBB by the static cultures of 
Pseudomonas P23 growing on GPY medium at varying temperature; (a) 10 C ˚ (b) 15 C ˚ (c) 
25 C ˚ (d) 28 C˚  (e) 37 C ˚ (f) 42 C ˚ (g) 50 C ˚  
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3.17 Decolorization of RBB by Pseudomonas P23 growing at varying 
initial pH of GPY. Static cultures of Pseudomonas strain P23 growing on GPY 
medium decolorized dye in the pH range 6-10 [Figure 3.11.1].  The decolorization 
reduced at pH 5 and below. RBB was decolorized completely within 48 h at pH 5 
while 25 ppm was decolorized after 24 h. RBB was not decolorized at all at pH 4. 
Pseudomonas strain P23 completely decolorized RBB within 3 h in the pH range 8-
10. Decolorization rate was similar for pH 6-10. Cell mass was found to be less and 
did not change throughout the experiment in the cultures cultivated in GPY with 
initial pH 4 and 5 while it decreased initially in the first three hours and remained the 
same in the cultures at pH 9 & 10. Cell mass production occurred optimally at pH 6, 
and decreased at pH 7 and further at 8. Spectral analysis of the samples of test and 
control for the RBB decolorization illustrated the reduction and vanishing of peak 
with time [Figure 3.11.2].  
3.18 Decolorization of RBB by Pseudomonas P23 in the presence of 
varying NaCl conc. In this study influence of 0-10% NaCl concentrations were 
evaluated on the decolorization of RBB by the static cultures of Pseudomonas strain 
P23 growing on GPY medium. RBB was decolorized completely when NaCl 
concentration in the medium was 0-5% [Figure 3.12.1]. Higher concentration of NaCl 
decreased RBB decolorization. Decolorization profile was the same in the cultures 
with NaCl concentration up to 5% and without NaCl, but the growth pattern differed. 
Biomass was higher in cultures having NaCl concentration 0.1-1% compared to 
without NaCl. In the case of cultures with 5% NaCl, RBB was decolorized within 24 
h but the biomass was less. Cultures with 7-10% NaCl decolorized RBB but it was 
less and the biomass production also was less. Spectral analysis clearly demonstrated 
the evidence of decolorization of RBB by static cultures of Pseudomonas strain P23 
cultivated on GPY medium containing varying NaCl concentrations [Figure 3.12.2].  
3.19 Decolorization of RBB by Pseudomonas P23 in the presence of metal 
salts. Metal salts (75, 100 and 125 ppm) were additionally added to GPY medium to 
study their effect on RBB decolorization by the static cultures of Pseudomonas strain 
P23 growing on GPY medium. RBB was decolorized completely within 48 h in the 
presence of 125 ppm Pb(NO3)2, ZrOCl2, (NH4)2MoO4 and SnCl2 metal salts [Figure 
3.13]. RBB was completely decolorized in the presence of 100 ppm CoCl2, CuSO4 
and ZnSO4 but at 125 ppm only 20, 6 and 1 ppm respectively of the initially provided 
dye was decolorized. 19, 6 and 0 ppm RBB was decolorized at 75, 100 and 125 ppm  
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Figure 3.11.1 Decolorization of RBB by the static cultures of Pseudomonas P23 growing on GPY 
medium at varying pH (4-10); A. Residual dye B. Biomass  
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Figure 3.11.2 Spectral analysis for the decolorization of RBB by the static cultures of 
Pseudomonas P23 growing on GPY medium having varying pH (4-10); (a) 4 (b) 5 (c) 6 (d) 7 
(e) 8 (f) 9 (g) 10 pH 
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Figure 3.12.1 Decolorization of RBB by the static cultures of Pseudomonas P23 growing on GPY in 
the presence of varying NaCl conc; A. Residual dye B. Biomass  
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Figure 3.12.2 Spectral analysis for the decolorization of RBB by the static cultures of 
Pseudomonas P23 growing on GPY in the presence of NaCl conc; (a) 0.1 (b) 0.5 (c) 1 (d) 5 (e) 
7 (f) 10% (g) without NaCl  
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Figure 3.13 Decolorization of RBB by the static cultures of Pseudomonas P23 growing on 
GPY in the presence of metal salts (75, 100 and 125 ppm) after 48 h A. Residual dye B. 
Biomass  
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of NaAsO3 respectively. RBB was not decolorized even at 75 ppm of K2Cr2O7, HgCl2, 
AgSO4, HgO and CdI2.  Biomass was also less in the presence of K2Cr2O7, HgCl2, 
AgSO4, HgO and CdI2, while it was higher in the presence of 125 ppm of Pb(NO3)2, 
ZrOCl2, (NH4)2MoO4  and SnCl2 than in the absence of these metal salts. Biomass 
was higher at 75 ppm CoCl2 and ZnSO4, but it decreased with increasing 
concentration of the metal salts. Biomass increased with increasing concentration of 
CuSO4 and SnCl2.  
3.20 Decolorization of RBB by Pseudomonas P23 in the presence of 
varying RBB conc. Decolorization of RBB by Pseudomonas strain P23 was studied 
using GPY medium containing 25-2500 ppm dye. Static cultures of Pseudomonas P23 
within 24 h completely decolorized the dye at its initial concentrations of 25-50 ppm 
[Figure 3.14]. The cultures decolorized the dye completely within 24 h when the 
initial concentrations of the dye were ≥1500 ppm, while at higher conc some dye 
remained which eventually gets decolorized in the next 24 h. Biomass increased with 
increases in the initial dye concentration [Figure 3.14].  
  3.21 Decolorization of mixture of dyes by Pseudomonas P23. The 
experiment was performed using two dye mixtures; mixture A contained all (1-24) the 
dyes and mixture B contained all dyes but not Remazol Brilliant Blue R, Reactive 
Blue H5G, Remazol Turquoise Blue, Fast Green, Brilliant Green and Methylene Blue. 
Decolorization was measured at λ506 and λ 624 for mixture A, and λ496 for mixture B. 
Static cultures of Pseudomonas P23 within 48 hours decolorized mixture A having 
initial concentration of 70 ppm to 51 ppm at A506 while only 17 ppm dye was 
removed at A624 [Figure 3.15]. Mixture B (70 ppm) was decolorized up to 61 ppm 
within 24 h. Decolorization occurred slowly for mixture A as compared to individual 
dye while it remained the same for mixture B or individual dyes making up the 
mixture. Growth of Pseudomonas P23 that was observed to be inhibited in the 
presence of mixture A, occurred well in the absence of mixture A or  in the 
presence/absence of mixture B. Spectral analysis for the decolorization of mixture A 
and B at different time intervals showed decrease in A624 and complete disappearance 
of the peaks at A506 and A496. 
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Figure 3.14 Decolorization of RBB by the static cultures of Pseudomonas strain P23 
growing on GPY medium containing varying concentrations of RBB (25-2500 ppm) A. & B. 
Residual dye C. & D. Biomass E. Dye concentrations Vs Dye decolorized 
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Figure 3.15 Decolorization of mixture of dyes by Pseudomonas P23 growing on GPY 
medium under static condition;  
   [A] Correlation between growth and decolorization of mixture A  
      [B] Correlation between growth and decolorization of mixture B  
        [C] Spectra of decolorization of mixture A at different time intervals  
      [D] Spectra of decolorization of mixture B at different time intervals 
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Discussion 
 
 26 dye decolorizing strains were isolated from different dyeing and textile 
industry effluents and soil samples. Three potent dye degraders (P23, P26 & P12) are 
identified as Pseudomonas strains and selected for the detailed studies on 
decolorization of textile dyes. In the present study we report dye decolorizing activity 
of non-pigmented Pseudomonas strain P23 isolated from the effluents of dyeing and 
textile industries located in Jetpur (Gujarat State). Pseudomonas strain P23 
decolorized the azo, TPM and anthraquinone dyes to varying extent because of the 
differences in their structure. Growth and the dye decolorizing ability of 
Pseudomonas strain P23 is not affected by the initial concentration of azo dyes.  On 
the contrary, TPM dyes retard the growth of Pseudomonas P23 and thereby interfere 
with the ability to decolorize. There does not exist any relationship between structural 
variability of azo dyes and their decolorizability by Pseudomonas strain P23 after 24 
h since the organism decolorized within 24 h all the tested azo dyes having different 
constituents like K acid, H acid, Vinyl sulfone ester of aniline, sulfotobius acid 145 
and m-ureido aniline. The decolorization of monoazo and diazo dyes by Pseudomonas 
P23 is similar.  
 Azo dyes having simpler structure or monoazo group are decolorized faster 
during first 3 h of incubation; however, azo dyes with complex structure having either 
diazo group or higher number of aromatic rings are decolorized slowly. 
Anthraquinone dyes having quinoid ring as a chromophore are also decolorized by 
Pseudomonas strain P23 but the decolorization is slower. Pseudomonas P23 showed 
moderate to low TPM dyes decolorizing abilities. Among the selected TPM dyes, fast 
green having a conjugated structure with higher number of aromatic rings, decreased 
the decolorization efficiency. Decolorization efficiency is higher for Methyl Red, 
Methyl Green and Methylene Blue due to simple structure. Other TPM dyes Brilliant 
Green and Malachite Green were partially decolorized as the growth is inhibited in 
the presence of these dyes indicating the toxicity of dyes to bacteria through the 
inhibition of metabolic activities.  Adsorption of dyes to the bacterial biomass has 
been reported [179, 180].  This is not decolorization but it is the removal of dye from 
the culture medium upon separation of biomass. Dye adsorption results in deeply 
colored cell mats, whereas biomass retaining its original color is accompanied by the 
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occurrence of biodegradation [181]. Reactive Blue H5G, Remazol Turquoise Blue G 
and Fast Green adsorbed the cell surface leading to the removal of dyes from the 
medium because of adsorption and not biodegradation. With the other dyes, the cells 
retained their original color during cultivation in the dye-containing medium, 
corroborating color removal to be primarily due to biological degradation. 
Pseudomonas P23 do not decolorize the sulphonphthalein dyes BPB and PR. BPB is 
less water-soluble and adsorbed the biomass while phenol red is water soluble and 
was neither decolorized nor adhere the biomass. 
 Pseudomonas P23 decolorizes azo dyes rapidly; however, the strain shows 
moderate to low decolorizing abilities for non azo chromophores. Pseudomonas P23 
decolorizes a wide range of synthetic dyes suggests that the key enzyme(s) 
responsible for the decolorization has a wide substrate spectrum and is highly non-
specific. The same non-specific decomposition mechanism is also perhaps responsible 
for the decolorization of TPM dyes.  
 Decolorization of dyes occurs simultaneously with the growth of 
Pseudomonas P23. The growth is not inhibited in the presence of most of the dyes 
except Brilliant Green and Malachite Green. The pattern of growth and decolorization 
is similar for all azo dyes having different structures. Moreover the amount of dye 
decolorized is dependent upon biomass. The azo dyes favored the growth of 
Pseudomonas P23 providing evidence of azo dyes is used as carbon source.  
Decolorization starts immediately with most of the dyes getting decolorized 
during first 3 h decreases there after due to low concentration of dyes. The structure 
complexity affects the decolorization rate as Pseudomonas P23 decolorized the mono-
azo Remazol Orange 3R within 3 h, the other mono-azo dyes Remazol H2R and 
Reactive Orange H2R within 5 h, and the diazo dye Remazol Black B within 7 h.  
Decolorization process occurs at a different rate under different cultural 
conditions. Microbes growing at different stages of growth differ in their physico-
chemical properties which can affect the decolorization. Microbial population of 
Pseudomonas strain P23 growing on GPY medium harvested at their different stages 
to check the influence of age of inoculum on the decolorization of RBB. Age of 
inoculum is affects the decolorization rate during initial hours. Decolorization started 
immediately when cells harvested at log phase (6, 12 h) and the starting verge of 
stationary phase (18 h) are used as inoculum. Cultures inoculated with stationary 
phase (24 h) cells showed a lag phase of 3 h for the growth as well as for 
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decolorization. Non activated cells inoculated from 24 h old incubated culture plate 
also required a lag phase of 3 h to get activated when used as inoculum. To 
summarize, Pseudomonas strain P23 grows and decolorizes RBB when inoculated 
with cells in log phase.  
Decolorization activity and growth increases with increase in size of 
inoculum. The varying size of inocula influenced RBB decolorization during initial 
period; smaller inoculum size (<1%) is not preferable as it either introduces a lag 
period during which neither growth nor decolorization occurs or leads to lower initial 
growth rates and decolorization and therefore takes longer time for complete 
decolorization. The results provide conclusive evidence for the direct correlation 
between the amount of active biomass and the amount of dye decolorized.   
 Decolorization is faster in static cultures of Pseudomonas P23 despite low 
biomass production as compared to shake cultures. Chen et a.,(1999) reported that 
shaking condition does not support decolorization [182] but our Pseudomonas P23 
decolorizes RBB completely in shaking condition after 24 h cultivation. 
Decolorization is lower and slower in shake flask cultures throughout the 
experimental run while it occurs rapidly in static cultures with major bulk getting 
decolorized within 3 h. However, decolorization decreases when static cultures are 
disturbed during incubation time. It is also important to note that the conditions in 
which the biomass is produced have a strong bearing on the ability of biomass to 
decolorize dyes. In static cultures it was observed that higher the amount of biomass 
present/produced, higher was the decolorization rate. But when the static and shaking 
cultures are compared, though the amount of biomass produced in static cultures is 
lower, cultures decolorized the dyes faster than the agitated cultures. The physiology 
of the biomass produced in agitated and static conditions is different. The static 
cultures respiring slowly are suited better for the decolorization of dyes.  
GPY proved to be the best medium for decolorization and growth. Knapp & 
Newby (1995) reported that proteinaceous media favor decolorization [181]. Nutrient 
medium also supports the growth but decolorization rate is slower compared to GPY 
medium. Of the chemically defined media Sutherland appears to be marginally better 
than MSM in terms of slightly better biomass production. B & H medium contains 
only ammonium nitrate and ferric chloride supported growth and decolorization albeit 
much slower. Complex media favor growth as well as decolorization is superior to 
chemically defined media for decolorization by Pseudomonas P23. 
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 GPY is the best medium for the growth and decolorization and was selected 
further to study the influence of individual constituents of GPY. Medium containing 
all ingredients showed highest decolorization indicated that all ingredients of GPY 
medium influenced the decolorization and biomass. Decolorization activity was 
slower using individual constituents. Peptone affected decolorization more compared 
to yeast extract and glucose. Glucose supports growth better but does not affect 
decolorization.  
Decolorization is best using complete GPY medium. Thus the optimization of 
this medium for RBB decolorization and biomass is reported using different 
concentration of glucose, peptone and yeast extract. Decolorization increases with 
increased glucose concentration. Glucose has a pronounced effect on the increase in 
biomass in the initial stages of the experimental run and the culture appeared to enter 
stationary phase after 6-8 h. In the absence of glucose, cultures continued to grow till 
12 h and the amount of biomass synthesized was similar to the cultures cultivated in 
the presence of glucose. It ultimately leads to the condition that the dye in the medium 
is decolorized faster in presence of glucose because of higher biomass synthesized in 
these cultures. Thus glucose affects dye decolorization by governing the synthesis of 
biomass. 
 Addition of a special substrate, which is in a small amount, and is ready to be 
utilized by microorganisms, such as peptone; can facilitate or stimulate the 
biodegradation of the dye and induce them into a cycle of metabolism.  Dong et al. 
reported that peptone is the decisive factor; it enhances the activity of dye 
decolorization significantly [96]. Even with the low concentration it supported RBB 
complete decolorization while in the absence of peptone Pseudomonas P23 took 
longer time to decolorize. Growth is higher even with the low peptone concentration. 
Higher concentration of yeast extract enhanced decolorization by Pseudomonas P23.  
Metabolism of yeast extract is considered essential for the regeneration of NADH that 
acts as the electron donor for the reduction of azo bonds [183]. Decolorization activity 
and biomass increased with increase concentration of yeast extract. 
 The nutritional requirements of a bacterium are revealed by the cell's 
elemental composition, which consists of C, H, O, N, S and P. Carbon is the main 
constituent of cellular material, one of the important sources of energy and carbon for 
the synthesis of structural components of cell. The Pseudomonas strain P23 utilizes a 
wide range of carbon sources. Decolorization of RBB is not significantly affected 
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using varying carbon sources. The growth of Pseudomonas P23 on raffinose, inositol, 
sorbitol and succinic acid is poor and therefore RBB decolorization by Pseudomonas 
P23 cultures growing on these carbon sources is less.  
 Peptone, yeast extract and beef extract are the best nitrogen sources for 
decolorization and cell growth because peptone also provides amino acids, N, S, and 
P while yeast extract and beef extract also serve as the source of vitamins and other 
growth factors. Pseudomonas P23 decolorizes RBB even in the absence of nitrogen 
source indicates that it uses RBB as the nitrogen source. Various Pseudomonas spp. 
are capable of utilizing a variety of complex chemicals, including dyes, as the sole 
source of nitrogen has been reported. Other nitrogen sources neither supported the 
growth nor decolorization.  
Temperature is an important physical parameter which affects the metabolic 
activity of cell. Enzyme catalyzed processes are affected by incubation temperature 
because enzymatic activity is temperature specific. Decolorization is also an enzyme 
catalyzed reaction and the rate of which can be reflected in the amount of dye 
decolorized. In the present study we report the influence of temperature on RBB 
decolorization and the growth of Pseudomonas P23. The Pseudomonas P23 shows 
high decolorization activity over a broad temperature range of 15-50 C. Decrease in ˚
the decolorization towards both ends of temperature range is very likely to be 
attributed to the deactivation of decolorization enzymes and also to the lower growth 
rates [94]. Different optimum temperatures for the decolorization and growth 
indicated that the differences in the biomass production rate do not affect RBB 
decolorization. Wong & Yuen reported that Klebsiella pneumoniae RS-13 decolorized 
Methyl Red in the temperature range of 23-37˚C, whereas at 45 C decolorization was ˚
completely inhibited [184]. There are very few reports of bacterial decolorization over 
a wide range of temperature. Pseudomonas P23 acclimatized to grow and decolorize 
over a broad range of temperature of dyeing waste water.  
 Almost all physiological processes are pH-dependant. The ionic strength of 
the medium is of prime importance for metabolic activity of cell. Microbial growth 
and decolorization process occurs at a certain pH value. Chang et al. reported that E. 
coli and P. luteola exhibited best decolorization at a pH 7 with constant decolorization 
rate up to pH 9.5 [185, 186], K. pneumoniae RS-13 completely degraded Methyl Red 
in the pH range of 6-8 [184]. Mali et al. reported that a pH value in the range 6-9 is 
optimum for the decolorization of TPM and azo dyes by Pseudomonas spp [186]. The 
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optimal pH for RBB decolorization is 8-10 for the Pseudomonas P23. Thus 
Pseudomonas P23 can prove to be useful to treat basic dyeing wastewater at normal 
operational temperature and could largely decrease the cost for acidification making 
the treatment economical.  
 Effluents of various industries contain lots of dyes, detergents, and salts over 
many other chemicals. It is therefore important for the strain to be able to decolorize 
and degrade the dyes in the presence of similar high salt concentration. Static cultures 
of Pseudomonas P23 decolorized RBB in the presence of NaCl. Increase in cell mass 
in the presence of low NaCl concentration indicated that it is important for the growth 
of the strain, but not for the decolorization. Pseudomonas P23 tolerated NaCl 
concentration up to 5% but higher concentration inhibited both decolorization and 
growth. Thus Pseudomonas P23 is suitable for the application in treatment of textile 
wastes containing high salt conc.  
Industrial effluents contain not only textile dyes but also heavy metals, 
petroleum, alkalis, phenols and many other inorganic and organic toxicants which 
could not be degraded easily. We report RBB decolorization by Pseudomonas P23 in 
the presence of metal salts. Pb(NO3)2, ZrOCl2, (NH4)2MoO4 and SnCl2 at 
concentration up to 125 ppm appear to promote growth and have no inhibitory effect 
on decolorization. There are some metals which act as cofactor for enzyme(s) 
responsible for various metabolic activities. Some metal salts like CoCl2, CuSO4 and 
ZnSO4 have inhibitory effects on the growth of Pseudomonas P23 and RBB 
decolorization at higher concentration (125 ppm). K2Cr2O7, HgCl2, AgSO4, HgO and 
CdI2 metal salts have a severe inhibitory effect on RBB decolorization and biomass 
even at low concentration (75 ppm). The inhibition of decolorizing activity is 
attributed to the inhibition of growth because of the strong correlation observed 
between growth and decolorization.  
Higher decolorization of RBB achieved by Pseudomonas P23 in an extensive 
range of dye concentration; it decolorized with initial dye concentration up to 1500 
ppm without showing saturation effect. Dye concentration ≥2000 ppm tended to slow 
down decolorization indicating saturation effect. Increase in biomass with the 
increased dye concentration accentuates utilization of the dye as a substrate for the 
growth of Pseudomonas P23. Decolorization of Navitan Fast Blue S5R by 
Pseudomonas aeruginosa at different concentrations up to 1500 mg.l-1 was reported 
[188]. Pseudomonas aeruginosa decolorized the dye up to concentrations of 1200 
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mg.l-1 of dye, but above this level the dye was toxic to the bacterium. This implies 
that the organism is well suited for the decolorization of dyes even at concentration 
that may be found in industrial effluents. 
 Dyes used in the textile processing industry are often structurally different, 
and, therefore, the effluents from the industry are markedly variable in composition 
[94]. Pseudomonas P23 is able to decolorize mixture of dyes. As described earlier 
Pseudomonas P23 decolorizes anthraquinone (RBBR, RBH5G, & RTBG) and some 
TPM dyes (FG, BG and MB) to a limited extent. Mixture containing these dyes 
showed moderate to less decolorization, while mixture without these dyes showed 
almost complete decolorization within 24 h. Pseudomonas P23 enzyme(s) system 
partially degrades the anthraquinone chromophore while it degrades extensively the 
azo chromophore also evidenced from the spectral changes.  Decolorization decreases 
for the mixture A due to the presence of TPM and anthraquinone dyes, while in the 
absence of these dyes the decolorization is similar compared to individual dye. The 
absorbance peak at A506 disappeared completely while at A624, the decrease in the peak 
is quite low. A nonspecific biological process may be vital for the treatment of textile 
effluents containing mixture of dyes. Ability of Pseudomonas strain P23 to decolorize 
a mixture of dyes makes it a potential candidate for the treatment of effluents 
containing mixture of dyes.  
 Spectral analysis for the decolorization of dyes gives a clear cut evidence of 
degradation of dyes as the peak of respective dye in control is gradually decreased and 
disappeared further in the test. In some cases, where dye is adsorbed on the cells is 
also evident from the spectra of respective dye when compare with control and test.  
 Textile processing industries use a wide range of structurally diverse dyes 
therefore effluents from textile industry are extremely variable in composition [187]. 
Wastewater consisting thousands of dyes thus its decolorization is a difficult task. 
Wide range of pH, salt concentrations and heterogeneous chemical structures often 
add to the difficulties for its treatment. Although decolorization is a challenging 
process to the textile industry, microbial decolorizing systems show great potential for 
achieving total color removal with only hours of exposure.   
 
 Our Pseudomonas strain P23 decolorizes a wide variety of azo and TPM dyes 
completely within 3 h. It has ability to decolorize the dyes efficiently under varying 
cultural, nutritional and environmental conditions like inoculum age and size, a wide 
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range of carbon and nitrogen sources, temperatures and pHs. It rapidly decolorizes 
dyes at their high concentrations and also mixture of dyes. It also possesses the ability 
to decolorize dyes even in the presence of high salt concentrations and also heavy 
metals. Thus, the Pseudomonas P23, exhibiting versatility in its ability to decolorize 
and degrade variety of textile dyes under varying conditions, has the potential to be 
applied for the treatment of effluents containing hazardous chemicals.   
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Degradation and Decolorization of Dyes by 
Pseudomonas aeruginosa strains P26 & P12 
 
 
 
Introduction 
 
Synthetic dyes are produced in large amounts and are used in different 
industrial branches including the textile industry.  It is known that 90% of reactive 
textile dyes entering activated sludge sewage treatment plants will pass through 
unchanged and will be discharged to rivers [189, 190]. The discharge of this 
wastewater to the environment causes aesthetic problems and also damages the 
quality of the receiving water. The color impedes light penetration and the dyes and/or 
their degradation derivatives can prove toxic to aquatic life [29, 149, 191-194]. Dyes 
usually have a complex aromatic molecular structure, which makes them stable and 
resistant to biodegradation [195]. The chromophore groups in dyes are generally 
organic compounds with conjugated double bonds. The largest class of commercially 
produced dyes is azo dyes in which the chromophores are azo groups [195-197]. They 
are non-biodegradable by conventional activated sludge treatment methods and they 
require intense physical/chemical methods in order to be removed from the 
wastewater. Chemical coagulation/ flocculation and activated carbon adsorption 
techniques have been developed in order to remove the color. However, the latter 
methods can only transfer the contaminants (dyes) from one phase to the other leaving 
the problem essentially unsolved (solid waste is created) [6, 197-200]. Advanced 
4 
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oxidation processes (UV/H2O2 irradiation, ozonation) have also been proposed; 
however, they are not cost-effective due to the high consumption of energy [201-204]. 
Not all dyes currently used could be degraded and/or removed with physical and 
chemical processes, and sometimes the degradation products are more toxic [205]. 
The traditional textile finishing industry consumes about 100 liters of water to process 
about 1 kg of textile materials. New closed-loop technologies such as the reuse of 
microbially or enzymatically treated dyeing effluents could help to reduce this 
enormous water consumption. Several combined anaerobic and aerobic microbial 
treatments have been suggested to enhance the degradation of textile dyes [135, 146, 
147]. However, under anaerobic conditions, azo-reductases usually cleave azo dyes 
into the corresponding amines, many of which are mutagenic and/or carcinogenic [60, 
135, 148]. These aromatic amines should then be further treated using aerobic 
biological treatment methods [149, 150-154]. Aerobic digestion of textile wastewater 
is a very promising technique since it is cost-effective and environmentally safe.  
 
We have assessed the potential of Pseudomonas aeruginosa strain P26 to 
degrade a wide range of textile dyes. We examined the physiological perspectives for 
the decolorization and degradation of azo, anthraquinone, triphenylmethane and 
sulphonphthalein dyes by the Pseudomonas aeruginosa strains P26 and P12. The 
purpose of the present study was to examine the decolorization of azo dyes, with a 
Pseudomonas aeruginosa P12 utilizing several aromatic hydrocarbons as a sole 
source of carbon and energy. 
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Materials and Methods 
 
4.1 Microbial strains. Strains P26 and P12 were isolated from the effluents of 
dyeing and printing units in Jetpur and Rajkot respectively and identified as 
Pseudomonas aeruginosa strains. The cultures were grown on GPY medium and 
maintained at 4°C. 
4.2 Dyes. 29 different azo, triphenylmethane and sulphonphthalein dyes, azo 
dyes (Appendix-I) were selected from the list of dyes. Stock solutions of dyes were 
prepared as described in chapter-3. The amount of respective dye that would give 
Amax between 0.8-1, was added in the media (Appendix-I). 
4.3 Culture media 
 Glucose peptone yeast extract medium (GPY) contained g.L-1 glucose (10), 
peptone (5), and yeast extract (3) and the pH was adjusted to 7 before 
sterilization 
 Sutherland medium contained g.L-1  Na2HPO4 (4), (NH4)2SO4 (3), yeast 
extract (0.5), NaCl (0.2), MgSO4.7H2O (0.05), CaCl2.2H2O (0.05), KH2PO4 
(1), succinic acid (10) and the pH was adjusted to 7.2 before sterilization                                                                                                                                                                                                        
 Mineral salt medium (MSM) contained g.L-1 KH2PO4 (2), (NH4)2HPO4 (4), 
MgSO4 (0.2), NaCl (0.5), yeast extract (1), glucose (1) and the pH was 
adjusted to 7.4 before sterilization 
 Nutrient medium contained g.L-1 peptone (5), NaCl (5), yeast extract (2), 
beef extract (1) pH 7.4 [Hi-media] 
 Bushnell & Hass medium (B & H) contained g.L-1  ammonium nitrate (1), 
ferric chloride (0.05) pH  7 [Hi-media] 
4.4 Inoculum preparation. With a loop full of culture 5 ml of GPY medium 
was inoculated and incubated at 37°C for 4-5 h under static condition. This 5 ml of 
active culture used as inoculum in 250 ml of Erlenmeyer flask containing 45 ml of 
GPY medium and incubated on rotary shaker (40 rpm) at 37°C for 18 h. This 
activated culture having OD600 of 0.7-1 was used as inoculum for all experiments.  
4.5 Decolorization of azo, triphenylmethane and sulphonphthalein dyes by 
Pseudomonas strains P26 & P12. Tubes containing 7.2 ml of GPY medium and the 
dye (Appendix-I) were inoculated with 10% (v/v) of 18 h old inoculum and incubated 
at 37°C under static condition. Tube containing 8 ml of GPY medium and the 
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respective dye served as uninoculated control and the tube containing 7.2 ml GPY 
medium and inoculum without dye served as growth control. These controls were 
included in all the experiments.  
4.6 Decolorization on solid media. Pseudomonas aeruginosa strains P26 and 
12 were cultivated on GPY agar plate containing 1% (w/v) of Remazol Black B at 
37°C. Color of the inoculated plates was compared visually with that of the 
uninoculated plates after 24 h cultivation.  
4.7 Correlation between growth and decolorization. 250 ml Erlenmeyer 
flasks containing 45 ml of GPY medium and RBB were inoculated with 10% (v/v) of 
18 h old inoculum and incubated under static condition at 37°C. Flask containing 50 
ml GPY medium and RBB was served as uninoculated control. Flask containing 45 
ml GPY medium and 10% (v/v) of inoculum was used as the growth control. 
 4.8 Decolorization of RBB by static and shake cultures of Pseudomonas 
aeruginosa strains P26 and P12. 250 ml Erlenmeyer flasks containing 45 ml of GPY 
medium and of RBB were inoculated with 10% of the 18 h old activated culture. One 
set of flasks including the test and two controls were incubated under static condition 
and the other under shaking condition (40 rpm) at 37°C. 
 4.9 Decolorization of RBB by Pseudomonas strains P26 and P12 growing 
on various media. Tubes containing 7.2 ml of different media GPY, MSM, 
Sutherland, Nutrient and Bushnell & Hass medium containing RBB were inoculated 
with 10% (v/v) of 18 h old inoculum and incubated under static condition at 37°C. 
4.10 Decolorization of RBB by Pseudomonas strains P26 and P12 in the 
presence of various carbon sources. Carbon sources (Glucose, β-Glucose, 
Galactose, Lactose, Sucorse, Fructose, Ribose, Xylose, Maltose, Mannose, and 
Arabinose) were used instead of succinic acid in Sutherland medium. These were 
sterilized (10 psi, for 10 min) and added separately. All other conditions were as 
described in 4.5. 
4.11 Decolorization of RBB by Pseudomonas strains P26 and P12 in the 
presence of nitrogen sources. Nitrogen sources (Yeast extract, Beef extract, Peptone, 
Glycine, Urea, (NH4)2SO4, NH4Cl, KNO3, or NaNO3) were used instead of the original 
nitrogen sources yeast extract and (NH4)2SO4 present in Sutherland medium. All other 
conditions were as described 4.5. 
4.12 Decolorization of RBB by Pseudomonas strain P26 & P12 growing at 
varying temperature. Tubes containing 7.2 ml of GPY medium and RBB were 
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inoculated with 800 µl of 18 h old inoculum and incubated under static condition at 
varying temperature (10, 15, 25, 28, 37, 42 and 50°C). Tube containing 8 ml of GPY 
medium and RBB was served as RBB control and tube containing 7.2 ml GPY 
medium and inoculum without RBB served as growth control. 
4.13 Decolorization of RBB by Pseudomonas strains P26 & P12 growing 
at varying initial pH of GPY. Tubes containing 7.2 ml of GPY medium (pH 4-10) 
and RBB were inoculated with 10% (v/v) of 18 h old activated culture and incubated 
under static condition at 37°C. Medium pH was adjusted with 1 M HCl and 1 M 
NaOH before sterilization. After autoclaving, pH of the medium did not change.  
4.14 Decolorization of RBB by Pseudomonas strains P26 & P12 in the 
presence of varying NaCl conc. NaCl conc (0, 0.1, 0.5, 1, 5, 7 and 10%) was varied 
in the GPY medium and RBB. All other conditions were as described in 4.7. 
4.15 Decolorization of RBB by Pseudomonas aeruginosa P26 in the 
presence of various metal salts. Appropriate amount of separately sterilized stock 
solution (10,000 ppm) of metal salts [K2Cr2O7, Pb(NO3)2,  HgCl2,  ZnSO4, AgSO4,  
ZrOCl2, (NH4)2MoO4, HgO, CoCl2, CuSO4, CdI2, SnCl2, and NaAsO3] was added to 
get final concentration of 100, and 1000 ppm in the GPY medium. Rest of the 
experimental procedure was the same as described previously.  
4.16 Decolorization of RBB by Pseudomonas aeruginosa P12 in the 
presence of varying RBB conc. Decolorization and growth were evaluated with 
varying initial dye concentrations in the range of 40-400 ppm in the test tube 
containing 7.2 ml of GPY medium. Dye (for each concentration) and growth controls 
were included as described above. The tubes were inoculated with 10% (v/v) of 18 h 
old inoculum and incubated at 37°C under static condition. Samples were collected 
and analyzed for residual dye and biomass as described elsewhere.  
4.17 Decolorization of RBB by Pseudomonas aeruginosa P12 in the 
presence of various aromatic hydrocarbons. Glycerol, Glucose and various 
aromatic compounds (Catechol, Benzoic acid, Benzamide, ρ-hydroxy benzoic acid, 
Oxalic acid, 4-Hydroxy benzoic acid, Phenyl alcohol, Naphthol, Diphenyl amine, or 
Resorcinol) at 100 ppm concentration were added in the chemically defined 
Sutherland medium along with and without succinic acid. Another experiment was 
performed with glucose or glycerol (100 ppm) as additional carbon source. Rest of the 
experimental procedure was same as described previously.  
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4.18 Decolorization of mixture of effluents by Pseudomonas aeruginosa 
strains P26 and P12. 250 ml Erlenmeyer flask containing 45 and 25 ml of mixture of 
sterile effluents were inoculated with 10% (v/v) and 50% (v/v) of 18 h activated 
culture and incubated under static condition. Sampling & analysis were performed as 
described elsewhere.   
4.19 Analytical methods. Samples harvested at time intervals indicated in the 
legend to the respective figures were analyzed for the residual dye and biomass.  
Samples (2 ml) were spun at 9000 rpm for 15 min. The supernatants were 
analyzed spectrophotometrically using 1601 Shimadzu UV spectrophotometer for 
residual dye and scanned in the 400-700 nm. The pellet was suspended in 2 ml of 
distilled water and A600 was measured for the estimation of biomass.   
 
.   
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Results 
 
 4.5 Decolorization of azo, triphenylmethane and sulphonphthalein dye. 
The Pseudomonas aeruginosa strains P26 and P12 decolorized azo, TPM and 
anthraquinone dyes to varying extent. All azo dyes were decolorized completely 
within 48 h by both strains of Pseudomonas aeruginosa P26 and P12 growing on 
GPY [Figure 4.1.1, 4.1.3]. Anthraquinone dyes Remazol Brilliant Blue R, Reactive 
Blue H5G and Remazol Turquoise Blue were decolorized 11 (17%), 6 (15%) and 9 
(12%) ppm respectively, by Pseudomonas aeruginosa P26.  Pseudomonas aeruginosa 
P12 decolorized within 48 h, 3 (4%), 31 (77%) and 55 (79%) of Remazol Brilliant 
Blue R, Reactive Blue H5G and Remazol Turquoise Blue respectively. [Figure 4.1.1, 
4.1.3]. Pseudomonas aeruginosa P26 within 48 decolorized TPM dyes Methyl 
Orange 131 ppm (97%), Methyl Green 251 ppm (83%) and Malachite Green 203 ppm 
(97%). 81 (60%), 294 (97%) and 197 (94%) ppm of Methyl Red, Methyl Green and 
Malachite Green respectively were decolorized by Pseudomonas aeruginosa P12 
within 48 h. Other TPM dyes Methylene Blue, Brilliant Green, and Fast Green were 
decolorized 1 (23%), 21 (84%) and 1 (28%) ppm within 72 h by Pseudomonas 
aeruginosa P12. Decolorization of these dyes by Pseudomonas aeruginosa P26 was 
1, 17 and 2 ppm (27, 67 & 41%) within 72 h. None of the Pseudomonas strains 
decolorized sulphonphthalein dyes.  
 Biomass  production of Pseudomonas aeruginosa P26 was higher in the 
presence of dyes like Reactive Red 6BX, Methylene Blue, Methyl Orange and Methyl 
Green while it was equally well in the presence or absence of other dyes [Figure 4.1.1 
C & D]. Growth of Pseudomonas aeruginosa P12 was equally well in the presence or 
absence of dye [Figure 4.1.3 C & D]. Anthraquinone dyes Remazol Brilliant Blue R, 
Reactive Turquoise Blue, Reactive Blue H5G, TPM dyes Fast Green, Brilliant Green, 
sulphonphthalein dyes Bromophenol Blue and Bromocresol Purple adsorbed on the 
cell surface of all Pseudomonas strains imparting color to the cell mats.  
Spectral changes and disappearance of the peak of respective dye upon 
decolorization provide convincing evidence of the ultimate fate of the dye [Figure 
4.1.2]. 
4.6 Decolorization on solid media. Both Pseudomonas aeruginosa strains 
P26 and P12 showed similar decolorization on solid media. Decolorization was 
 98
A
0
175
350
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
B
0
175
350
16 17 18 19 20 21 22 23 24 25 26 27 28 29  
 
C
0
0.7
1.4
C 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
D
0
0.7
1.4
C 16 17 18 19 20 21 22 23 24 25 26 27 28 29  
 
 
 
Figure 4.1.1 Decolorization of azo, TPM and sulphonphthalein dyes by static cultures of 
Pseudomonas aeruginosa P26 growing on GPY medium A & B Residual dye C & D 
Biomass of Pseudomonas aeruginosa P26 growing on GPY medium in the presence of 
different dyes  
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Figure 4.1.2 Spectral analysis for the decolorization of azo, TPM and sulphonphthalein 
dyes by static cultures of Pseudomonas aeruginosa P26 growing on GPY 
Control 48 h 24 h 72 h 
W a v e l e n g t h  ( n m )  
A
b
so
r
b
a
n
c
e
 
 100
A
0
175
350
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
B
0
175
350
16 17 18 19 20 21 22 23 24 25 26 27 28 29  
C
0
0.6
1.2
C 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
D
0
0.6
1.2
C 16 17 18 19 20 21 22 23 24 25 26 27 28 29  
 
 
 
Figure 4.1.3 Decolorization of azo, TPM and sulphonphthalein dyes by the static 
cultures of Pseudomonas aeruginosa P12 growing on GPY A & B Residual dye C & 
D Biomass of Pseudomonas aeruginosa P12 growing in the presence of various dyes
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Plate 4.1 Decolorization of RBB on GPY agar plate by Pseudomonas strains P26 and 
P12; A. Decolorization by Pseudomonas aeruginosa P26 B. Decolorization by 
Pseudomonas aeruginosa P12 
A 
B 
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clearly visualized in inoculated plates [Plate 4.1]. Pseudomonas aeruginosa 
strains P26 and P12 produced bluish green pigmentation after 24 h which turned 
brownish red on further incubation. Dye did not adsorb the cells. 
4.7 Correlation between growth and decolorization. Similar pattern for 
decolorization of dyes was observed with both Pseudomonas aeruginosa strains 
P26 and P12. Initial 40 ppm of RBB upon decolorization reduced to 8 and 6 ppm 
respectively within 28 h and decolorized completely within 48 h [Figure 4.2 & 
4.4]. Decolorization rate was 4 ppm/h during first 4 h, 3 ppm /h for the next 4-8 h 
and then decreased further. Decolorization occurred simultaneously with the 
increase in biomass and also when the biomass had stopped increasing during 
stationary phase. The growth of Pseudomonas aeruginosa strains P26 and P12 
occurred well in the presence or absence of RBB. Spectral analysis of the medium 
at different stages of the experiment showed gradual disappearance of the peak of 
respective dyes [Figure 4.2 & 4.4]. 
4.8 Decolorization of RBB by static and shake cultures of 
Pseudomonas aeruginosa strains P26 and P12. Static cultures of Pseudomonas 
aeruginosa P26 and P12 decolorized 38 and 35 ppm respectively within 24 h 
while shake cultures of Pseudomonas aeruginosa P26 and P12 decolorized 34 and 
23 ppm respectively within 24 h. 28 ppm RBB was not decolorized further in the 
shake culture of Pseudomonas aeruginosa P12, while it was decolorized 
completely by Pseudomonas aeruginosa P26. Growth was higher in shake 
cultures but decolorization was less compared to static cultures of Pseudomonas 
aeruginosa strains P26 and P12. Changes in the spectra of test samples illustrated 
the vanishing of RBB peak compared to control [Figure 4.3 & 4.5].  
4.9 Decolorization of RBB by Pseudomonas strains P26 and P12 
growing on various media. Highest decolorization was obtained when 
Pseudomonas aeruginosa strains P26 and P12 were grown on GPY medium. 
Decolorization activity of Pseudomonas aeruginosa P26 was in the order- 
GPY>Nutrient medium>Sutherland>MSM>B & H while for Pseudomonas 
aeruginosa P12 it was in the order- GPY>MSM>Nutrient medium>Sutherland>B 
& H after 48 h [Figure 4.6.1 & 4.7.1].  Pseudomonas aeruginosa P26 decolorized 
30 ppm RBB within 24 h when grown on GPY medium, while 27, 25 and 25 ppm 
of RBB was decolorized when grown on Nutrient medium, Sutherland and MSM 
medium respectively. Initial 40 ppm RBB decreased to 1 ppm within 48 h by   
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Figure 4.2 A. Correlation between growth and decolorization of RBB by static cultures of 
Pseudomonas aeruginosa P26 growing on GPY; B. Spectral analysis for the decolorization of 
RBB 
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Figure 4.3 A. Correlation between growth and decolorization of RBB by static and shake 
cultures of Pseudomonas aeruginosa P26 growing on GPY B. Spectral analysis for the 
decolorization of RBB shake culture of Pseudomonas aeruginosa P26 C. Spectral analysis for 
the decolorization of RBB by static culture of Pseudomonas aeruginosa P26 
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Figure 4.4 A. Correlation between growth and decolorization of RBB by the static cultures 
of Pseudomonas aeruginosa strain P12 growing on GPY medium B. Spectral analysis for 
the decolorization of RBB 
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Figure 4.5 A. Correlation between growth and decolorization of RBB by the static and 
shake cultures of Pseudomonas aeruginosa P12 growing on GPY B. Spectral analysis for 
the decolorization of RBB shake culture of Pseudomonas aeruginosa P12 C. Spectral 
analysis for the decolorization of RBB by static culture of Pseudomonas aeruginosa P12 
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Figure 4.6.1 A. Decolorization of RBB the by static cultures of Pseudomonas aeruginosa 
P26 growing on various media B. Growth of Pseudomonas aeruginosa P26  
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Figure 4.6.2 Spectral analysis for the decolorization of RBB by static cultures of 
Pseudomonas aeruginosa P26 growing on various media (A) GPY (B) Sutherland (C) 
Nutrient medium (D) MSM (E) B & H 
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Figure 4.7.1 A. Decolorization of RBB by the static cultures of Pseudomonas aeruginosa 
P12 growing on various media B. Growth of Pseudomonas aeruginosa P12 growing on 
various media 
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Figure 4.7.2 Spectral analysis for the decolorization of RBB by the static cultures of 
Pseudomonas aeruginosa P12 growing on various media (A) GPY (B) Sutherland (C) 
Nutrient medium (D) MSM (E) B & H 
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Pseudomonas aeruginosa P12 grown on GPY medium, while 37, 35 and 34 ppm of 
RBB was decolorized when grown on MSM, Nutrient medium and Sutherland 
medium respectively. B & H medium did not support decolorization and growth of 
both Pseudomonas aeruginosa strains P26 and P12.  
Growth of Pseudomonas aeruginosa P26 on five media was in order- 
GPY>Nutrient medium>MSM>Sutherland>B & H while growth of Pseudomonas 
aeruginosa P12 on five media was Sutherland>GPY>Nutrient medium>MSM>B & 
H. Differences in spectra of the control and test samples illustrated the disappearance 
of RBB peak [Figure 4.6.2 & 4.7.2]. 
4.10 Decolorization of RBB by Pseudomonas strains P26 and P12 in the 
presence of various carbon sources. RBB was decolorized in the presence of all the 
tested carbon sources by Pseudomonas aeruginosa strains P26 and P12. Pseudomonas 
aeruginosa P26 decolorized RBB completely within 48 h in the presence of all carbon 
sources used. Pseudomonas aeruginosa P26 decolorized 38 ppm RBB within 24 h in 
presence of fructose and xylose while in the presence of sucrose and maltose it took 
longer (72 h). Pseudomonas aeruginosa P26 completely decolorized RBB within 48 h 
in the absence of any carbon sources. Pseudomonas aeruginosa P12 within 48 h 
decolorized RBB up to 35-37 ppm in the presence of β-glucose, fructose, glucose, 
mannose, succinic acid and arabinose [Figure 4.8 & 4.9] and 32-33 ppm in the 
presence of lactose, ribose, galactose, sucrose, xylose and maltose. 
Growth of Pseudomonas aeruginosa P26 was higher in the presence of 
glucose and fructose while poor in the presence of sucrose and succinic acid and 
absence of any carbon source. Similar to strain P26 growth of Pseudomonas 
aeruginosa P12 was higher when culture was grown in the presence of glucose and 
mannose while less when grown in the presence of succinic acid. Growth on all other 
carbon sources was similar but less than on glucose and better than on succinic acid. 
4.11 Decolorization of RBB by Pseudomonas strains P26 and P12 in the 
presence of nitrogen sources.  34-38 ppm of RBB was decolorized within 48 h with 
yeast extract, beef extract and peptone as the N source. RBB was decolorized 
completely within 72 h by both Pseudomonas aeruginosa strains P26 and P12 while 
in the presence of original N sources (yeast ext and ammonium sulfate), 32-36 ppm 
RBB was decolorized within 72 h. In the absence of any nitrogen source, P26 and P12 
decolorized 31 ppm of RBB after 72 [Figure 4.10 & 4.11]. 31-34 ppm of RBB was 
decolorized in the presence glycine, (NH4)2SO4 and NH4Cl after 72 h. 29 ppm of RBB  
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Figure 4.8 Decolorization of RBB by static cultures of Pseudomonas aeruginosa P26 
growing on Sutherland medium supplemented with various carbon sources; A. Residual 
dye B. Growth of Pseudomonas aeruginosa P26 
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Figure 4.9 A. Decolorization of RBB by the static cultures of Pseudomonas aeruginosa 
P12 growing on Sutherland medium supplemented with various carbon sources B. 
Growth of Pseudomonas aeruginosa P12 growing on Sutherland medium supplemented 
with various carbon sources 
 
 
 
 
 
 
 110
A
0
20
40
C
on
tr
ol
 
Y/
E
B
/E
Pe
pt
on
e
G
ly
ci
ne
U
re
a
(N
H
4)
2S
O
4
N
H
4C
l
K
N
O
3
N
aN
O
3
O
rig
in
al
W
ith
ou
t '
N
'
so
ur
ce
'N' sources
R
es
id
ua
l d
ye
 (p
pm
)
24 h 48 h 72 h
 
 
B
0
0.6
1.2
Y/
E
B
/E
Pe
pt
on
e
G
ly
ci
ne
U
re
a
(N
H
4)
2S
O
4
N
H
4C
l
K
N
O
3
N
aN
O
3
O
rig
in
al
W
ith
ou
t '
N
'
so
ur
ce
'N' sources
B
io
m
as
s 
A
60
0
24 h 48 h 72 h
 
Figure 4.10 Decolorization of RBB by static cultures of Pseudomonas aeruginosa P26 
growing on Sutherland medium supplemented with various nitrogen sources; A. Residual 
dye B. Growth of Pseudomonas aeruginosa P26  
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Figure 4.11 A. Decolorization of RBB by the static cultures of Pseudomonas aeruginosa 
P12 growing on Sutherland medium supplemented with various nitrogen sources B. 
Growth of Pseudomonas aeruginosa P12 growing on Sutherland medium supplemented 
with various nitrogen sources  
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was decolorized in the presence of KNO3 and NaNO3 after 72 h while Pseudomonas 
aeruginosa P12 decolorized RBB partially (21 and 20 ppm) in the presence of KNO3 
and NaNO3 after 72 h. Pseudomonas aeruginosa P26 decolorized RBB up to 33 ppm 
while P12 decolorized 29 ppm within 72 h when grown on the medium containing 
urea as nitrogen source.  
Peptone best supported the growth of Pseudomonas aeruginosa P26, while in 
the presence of other nitrogen sources, growth was less than peptone, and  similar to 
cultures grown in the absence of nitrogen source.  Growth of Pseudomonas 
aeruginosa P12 was higher in the presence of beef extract, and yeast extract while 
growth was less on other nitrogen sources.  
4.12 Decolorization of RBB by Pseudomonas strain P26 & P12 growing at 
varying temperature. Suitable temperature (42 C˚ ) for RBB decolorization is similar 
for both Pseudomonas aeruginosa strain P12 and P26 [Figure 4.12.1 & 4.13.1]. 
Pseudomonas aeruginosa P26 decolorized 4, 9, 28, 32, 37 and 29 ppm of RBB at 10, 
15, 25, 37, 42 and 50 C˚  temperature within 24 h.  38 and 36 ppm RBB was 
decolorized at 37 and 25 C˚  respectively within 48 h and decolorized completely 
within 72 h by Pseudomonas aeruginosa P12. 33, 12 and 27 ppm RBB was 
decolorized at 10, 15 and 50 C˚  within 72 h by Pseudomonas aeruginosa P12. 
Growth of Pseudomonas aeruginosa P26 was higher at 25 C˚  than at 37 C˚ . It 
was poor at 10, 15, 42 and 50 C˚  temperature. Growth of Pseudomonas aeruginosa 
P12 was higher at 25 C˚  compared to 37 and 15 C˚  temperature and less at 10, 42 and 
50 C˚ . Spectral changes illustrated the decreased and disappearance of peak of RBB 
[Figure 4.12.2 & 4.13.2].  
4.13 Decolorization of RBB by Pseudomonas strains P26 & P12 growing 
at varying pH. Pseudomonas aeruginosa strains P26 and P12 growing on GPY 
medium decolorized RBB maximally at pH 8-10 [Figure 4.14.1 & 4.15.1]. 
Decolorization decreased with decrease in pH of cultivation medium. 33, 32, 30, and 
29 ppm of RBB was decolorized at 7, 6, 5 and 4 pH within 24 h by Pseudomonas 
aeruginosa P26. RBB was decolorized completely within 48 h when Pseudomonas 
aeruginosa P12 grown on GPY medium having pH 5-10. 16 and 8 ppm RBB was 
decolorized within 48 h when Pseudomonas aeruginosa P12 grown on medium 
having pH 3 and 4. 
Growth of Pseudomonas aeruginosa P12 was higher at pH 6-9 and less at pH 
4, 5 and 10. At pH 3 medium appeared fuzzy. Disappearance of RBB peak in the test  
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Figure 4.12.1 Decolorization of RBB by static cultures of Pseudomonas aeruginosa P26 
growing on GPY at varying temperature; A. Residual dye B. Biomass  
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Figure 4.12.2 Spectral analysis for the decolorization of RBB by static cultures of 
Pseudomonas aeruginosa P26 growing on GPY at varying temperature; (A) 10 C ˚ (B) 15 C ˚
(C) 25 C ˚ (D) 37 C˚  (E) 42 C ˚ (F) 50 C ˚  
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Figure 4.13.1 Decolorization of RBB by static cultures of Pseudomonas aeruginosa P12 
growing on GPY medium at varying temperature; A. Residual dye B. Biomass  
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Figure 4.13.2 Spectral analysis for the decolorization of RBB by the static cultures of 
Pseudomonas aeruginosa P12 growing on GPY medium at varying temperature; (A) 10 C ˚
(B) 15 C ˚ (C) 25 C ˚ (D) 37 C˚  (E) 42 C ˚ (F) 50 C˚  
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Figure 4.14.1 Decolorization of RBB by static cultures of Pseudomonas aeruginosa P26 
growing on GPY medium at varying pH; A. Residual dye B. Biomass  
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Figure 4.14.2 Spectral analysis for the decolorization of RBB by static cultures of 
Pseudomonas aeruginosa P26 growing on GPY medium at varying pH; (A) pH 4 (B) pH 5 
(C) pH 6 (D) pH 7 (E) pH 8 (F) pH 9 (G) pH 10 
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Figure 4.15.1 Decolorization of RBB by the static cultures of Pseudomonas aeruginosa 
P12 growing on GPY medium at varying pH (3-10); A. Residual dye B. Biomass  
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Figure 4.15.2 Spectral analysis for the decolorization of RBB by the static cultures of 
Pseudomonas aeruginosa P12 growing on GPY medium at varying pH; (A) pH 4 (B) pH 5 
(C) pH 6 (D) pH 7 (E) pH 8 (F) pH 9 (G) pH 10 
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samples compared to control samples indicated the decolorization [Figure 4.14.2 & 
4.15.2]. 
4.14 Decolorization of RBB by Pseudomonas strains P26 & P12 in the 
presence of varying NaCl conc. RBB was decolorized completely within 24 h and 
48 h respectively by strains P26 and P12 grown on medium having 0-5% NaCl conc 
[Figure 4.16.1 & 4.17.1]. 4 and 7 ppm of RBB remained after 72 h by strains P26 and 
P12 respectively when NaCl concentration in the medium was 7% while at 10% only 
9 and 15 ppm of RBB was decolorized by strains P26 and P12 respectively. Growth 
of Pseudomonas aeruginosa P26 and P12 was higher in the absence of NaCl than in 
the presence of NaCl, while in case of cultures having ≥5% NaCl, growth was 
inhibited. Gradual decrease of RBB peak in test samples point out the decolorization 
of RBB [Figure 4.16.2 & 4.17.2].  
4.15 Decolorization of RBB by Pseudomonas aeruginosa P26 in the 
presence of various metal salts. 31 and 35 ppm of RBB was decolorized within 24 h 
and completely decolorized within 48 h in the presence of ammonium molybdate and 
sodium arsenate at 100 ppm. At 1000 ppm, 31 and 30 ppm of RBB was decolorized 
within 24 h while 31 and 37 ppm of RBB decolorized after 48 h [Figure 4.18.1]. 38, 
37, 36, 34, 33, 32 and 30 ppm of RBB was decolorized in the presence of cobalt 
chloride, stannous chloride, cadmium iodide, zirconium chloride, potassium 
dichromate, zinc sulfate and copper sulfate at 100 ppm while at 1000 ppm 34, 36, 26, 
36, 23, 29 and 20 ppm decolorized respectively by Pseudomonas aeruginosa P26 
within 48 h. Decolorization was less in the presence of mercury chloride and silver 
sulfate at 100 ppm (5 and 7 ppm) within 48 h by Pseudomonas aeruginosa P26 while 
11 ppm of RBB decolorized at 1000 ppm. Growth of Pseudomonas aeruginosa P26 
was lesser in the presence of metal salts at 1000 ppm compared to 100 ppm except 
mercury chloride and zinc sulfate. Biomass was higher in the absence of metal salts 
than in their presence. Spectral changes in the test samples during incubation time 
illustrated the decrease and further disappearance of RBB peak point out the evidence 
for the decolorization [Figure 4.18.2 & 4.18.3].  
4.16 Decolorization of RBB by Pseudomonas aeruginosa P12 at varying 
RBB conc. 36 and 64 ppm RBB was decolorized by Pseudomonas aeruginosa P12 
within 72 h when initial dye concentration was 40 and 80 ppm respectively [Figure 
4.19 A]. Decolorization increased with increasing initial dye concentration [Figure 4.9 
C]. 136, 202, 277 and 332 ppm RBB was decolorized at initial concentration of 160,  
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Figure 4.16.1 Decolorization of RBB by static cultures of Pseudomonas aeruginosa P26 
growing on GPY in the presence of varying NaCl conc; A. Residual dye B. Biomass  
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Figure 4.15.2 Spectral analysis for the RBB decolorization by static cultures of Pseudomonas 
aeruginosa P26 growing on GPY in the presence of varying NaCl conc; (A) 0.1% (B) 0.5% 
(C) 1% (D) 5% (E) 7% (F) 10% (G) without NaCl 
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 Figure 4.17.1 Decolorization of RBB by the static cultures of Pseudomonas aeruginosa P12 
growing on GPY medium in the presence of varying NaCl conc; A. Residual dye B. Biomass 
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Figure 4.17.2 Spectral analysis for the RBB decolorization by the static cultures of 
Pseudomonas aeruginosa P12 growing on GPY medium in the presence of varying NaCl 
conc; (A) 0.1% (B) 0.5% (C) 1% (D) 5% (E) 7% (F) 10% (G) without NaCl 
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Figure 4.18.1 Decolorization of RBB by static cultures of Pseudomonas aeruginosa P26 
growing on Sutherland medium in the presence of metal salts (100 and 1000 ppm) A (100 
ppm) & B (1000 ppm) Residual dye  C (100 ppm) & D (1000 ppm) Biomass
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Figure 4.18.2 Spectral analysis for the decolorization of RBB by the by static cultures of 
Pseudomonas aeruginosa P26 growing on Sutherland medium in the presence of metal salts 
(100 ppm) 
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Figure 4.18.3 Spectral analysis for the decolorization of RBB by the by static cultures of 
Pseudomonas aeruginosa P26 growing on Sutherland medium supplemented with different 
metal salts (1000 ppm) 
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Figure 4.19 Decolorization of RBB by the static cultures of Pseudomonas aeruginosa P12 
growing on GPY medium containing varying concentrations of RBB (40-400 ppm) A. 
Residual dye B. Biomass C. Dye concentrations Vs Dye decolorized  
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240, 320 and 400 ppm respectively within 48 h by Pseudomonas aeruginosa P12. 
Biomass also increased with increasing dye concentration up to 320 ppm [Figure 4.19 
B].  
4.17 Decolorization of RBB by Pseudomonas aeruginosa P12 in the 
presence of various aromatic hydrocarbons. Various aromatic hydrocarbons were 
employed in chemically defined Sutherland medium along with alternative carbon 
sources like succinic acid, glucose and glycerol. Pseudomonas aeruginosa P12 
decolorized up to 33 ppm RBB within 72 h in the presence of catechol while in the 
presence of naphthol and diphenyl amine only 8 ppm of RBB was decolorized [Figure 
4.20.1]. 30-31 ppm RBB was decolorized after 48 h in the presence of benzoic acid, 
benzamide, ρ-hydroxy benzoic acid, oxalic acid, 4-hydroxy benzoic acid, phenyl 
alcohol, resorcinol and without any carbon source. 38 ppm RBB was decolorized up 
within 72 in the presence of glycerol. Biomass was higher in the presence of glycerol 
and benzamide and lesser in the presence of other carbon sources and without any 
carbon source.  
 33 ppm RBB was decolorized by Pseudomonas aeruginosa P12 on Sutherland 
medium supplemented with succinic acid as additional carbon source along with 
catechol, while it decolorized RBB completely when glucose and glycerol were added 
along with catechol [Figure 4.20.2, 4.20.3 and 4.20.4]. 36 ppm of RBB was 
eliminated by Pseudomonas aeruginosa P12 on Sutherland medium supplemented 
with benzoic acid along with succinic acid as additional carbon source, while 38 ppm 
of RBB was eliminated when glucose or glycerol were added as additional carbon 
source. 30-31 ppm RBB was decolorized in the presence of benzamide, ρ-hydroxy 
benzoic acid, oxalic acid and resorcinol by Pseudomonas aeruginosa P12 on 
Sutherland medium supplemented with additional carbon source succinic acid while it 
decolorized up to 37-38 ppm when glucose and glycerol were used as additional 
carbon source. In the presence of 4-hydroxy benzoic acid and phenyl alcohol, RBB 
was decolorized up to 33 ppm by Pseudomonas aeruginosa P12 with succinic acid as 
additional carbon source while it decolorized up to 37 and 36 ppm respectively when 
glucose additional carbon source and 38 and 35 ppm when glycerol was additional 
carbon source. In the presence of naphthol, 9, 14 and 10 ppm RBB was decolorized 
with succinic acid, glucose and glycerol as additional carbon source respectively. 
RBB was decolorized completely in the presence of glucose and glycerol with 
succinic acid.  
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Figure 4.20.1 Decolorization of RBB by the static cultures of Pseudomonas aeruginosa 
P12 growing on Sutherland medium supplemented with various hydrocarbons instead of 
succinic acid A. Residual dye B. Biomass  
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Figure 4.20.2 Decolorization of RBB by the static cultures of Pseudomonas aeruginosa 
P12 growing on Sutherland medium supplemented with various hydrocarbons along 
with succinic acid A. Residual dye B. Biomass  
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Figure 4.20.3 Decolorization of RBB by the static cultures of Pseudomonas aeruginosa 
P12 growing on Sutherland medium supplemented with various hydrocarbons along with 
succinic acid and glucose A. Residual dye B. Biomass  
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Figure 4.20.4 Decolorization of RBB by the static cultures of Pseudomonas aeruginosa 
P12 growing on Sutherland medium supplemented with various hydrocarbons along with 
succinic acid and glycerol A. Residual dye B. Biomass  
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 Biomass was higher when glucose and glycerol used as additional carbon 
source compared to succinic acid in all the cases.  
 4.18 Decolorization of mixture of effluents by Pseudomonas aeruginosa 
strains P26 and P12. Ability to decolorize the mixture of effluents was similar for 
both Pseudomonas aeruginosa strains P26 and P12. Pseudomonas aeruginosa strains 
P26 and P12 decolorized the mixture of effluents up to 51% and 54% respectively 
within 24 h using 10% of inoculum while 87% was decolorized when 50% inoculum 
was used [Figure 4.21]. Decolorization was not affected after 24 h when effluents 
inoculated with varying size of inocula. Spectral changes indicated the degradation of 
effluent as there was decreased in respective peak of the mixture of dyeing effluent. 
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Figure 4.21 Decolorization of mixture of effluents by Pseudomonas aeruginosa P26 
and P12 and spectral analysis for the decolorization of mixture of effluents by 
Pseudomonas aeruginosa strains P26 and P12 
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Discussion  
 
 Anaerobic decolorization of azo dyes is well documented; but little 
information is available on the aerobic degradation of azo dyes [40]. It has been 
reported that mineralization of azo dyes is possible only if anaerobic reduction is 
followed by aerobic oxidation of the amines formed in the reductive steps [92, 206]. 
Under anaerobic conditions, a number of bacteria are known to catalyze reductive 
cleavage of the azo bond, which leads to the formation of mutagenic and carcinogenic 
aromatic amines [207]. In previous chapter we described aerobic decolorization of 
dyes by Pseudomonas strain P23 isolated from the final stage of effluent treatment 
plant of dyeing and textile industry located at Jetpur. In this chapter we report 
decolorization and degradation of dyes under various conditions by Pseudomonas 
aeruginosa strains P26 and P12 isolated from raw effluent of dyeing and textile 
industry located at Jetpur and Rajkot respectively. 
 Pseudomonas aeruginosa strains P26 and P12 decolorize a wide range of azo 
and TPM dyes. They decolorize completely all the azo and TPM dyes at their varying 
initial concentrations except fast green. It indicates non-specific nature of the 
enzyme(s) system responsible for the decolorization of dyes. Adsorption of dyes to 
the bacterial biomass has been reported [179, 180].  Peralta-Zamora et al. [56] 
reported that anthraquinone dye reactive blue 19 decolorized when treated with 
photocatalytical process. The use of ZnO or TiO2 permits total decolorization and 
mineralization of the dye with reaction times of about 60 min. Decolorization of 
anthraquinone dye Tectilon Blue (TB4R) by Bacillus gordonae, Bacillus 
benzeovorans and Pseudomonas putida was by dye biosorption on bacterial biomass 
coupled with biodegradation [208]. Quinoid ring chromophore in anthraquinone dyes 
appears to be responsible for their lower and slower decolorization by Pseudomonas 
aeruginosa P26 and P12. Anthraquinone and sulphonphthalein dyes adsorbed the cell 
surface leading to the removal of dyes from the medium because of adsorption and 
not biodegradation. With the other dyes, the cells retained their original color during 
cultivation in the dye-containing medium, corroborating color removal to be only due 
to biological degradation.  
 Growth of P. aeruginosa strains is not inhibited by dyes. Decolorization of 
dyes occurs simultaneously with the growth of Pseudomonas aeruginosa strains P26 
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and P12. Decolorization rate is higher during initial 0-8 h which decreases there after 
perhaps due to low residual dye concentration. Appearance of lag phase in growth 
also delayed the initiation of decolorization of dyes. Active growth of the organism 
and initiation of decolorization always occurred simultaneously. Cultural conditions 
e.g. low inoculum size and old inoculum (24 h old activated culture or unactivated 
cell suspension prepared from the slant), introduce a lag before the culture grows 
exponentially. Decolorization under these conditions initiated only after the culture 
entered the log phase. Moreover the amount of dye decolorized is dependent upon 
amount of biomass.  
 Aeration arrests azo reductase enzyme secretion thereby inhibits the 
decolorization [210]. Pseudomonas aeruginosa P26 but not P12, decolorize RBB 
completely under shaking condition. Decolorization rate is faster in static culture 
compared to shake culture, while growth is higher in shake culture compared to static 
culture. The physiology of the biomass produced in agitated and static conditions is 
different. The static cultures respiring slowly are suited better for the decolorization of 
dyes.  
 GPY is proved to be the best medium for decolorization of RBB by both 
strains P26 and P12. B & H medium is not suitable for decolorization as supplements 
of the medium is not sufficient for the growth and therefore decolorization. 
Decolorization on other media by strains P26 and P12 is moderate. Complex medium 
are suitable for the growth and decolorization compared to chemically defined media.  
 Pseudomonas aeruginosa strains P26 and P12 decolorize the RBB in the 
presence of wide range of carbon sources. Karpouzas and Walker reported the 
degrading ability of Ps. putida epI in liquid cultures with ethoprophos as the sole 
carbon source; degrading ability is not affected by the presence of the additional 
carbon sources, glucose or Succinate [211]. Vijaya and Sandhya [210] have reported 
that mixed culture grow even in the media without glucose using Methyl Red as a 
carbon source. Our strains P26 and P12 also decolorized RBB in the absence of 
carbon source indicating the fact that dye is utilized as a source of carbon and energy. 
Our finding is not supported the findings of Nachiyar and Rajkumar; [188] they 
reported that decolorization of azo dyes by Pseudomonas aeruginosa is dependent on 
carbohydrate metabolism.  
 According to Vijaya and Sandhya; mixed culture decolorized Methyl Red 
efficiently when grown on media supplemented with yeast extract and peptone [210]. 
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Similar results were reported by Chen et al. that A. hydrophila decolorized Red RBN 
more efficiently in the presence of peptone and yeast extract [94]. Our finding 
supported their findings; Pseudomonas aeruginosa P26 decolorized RBB completely 
in the presence of peptone and beef extract however, decolorization is less in the 
presence of yeast extract. While Pseudomonas aeruginosa P12 decolorized RBB 
completely in the presence of yeast extract and beef extract. Strains P26 and P12 also 
decolorized RBB in the absence of nitrogen source indicating that the dye is also 
utilized as a source of nitrogen. It implies that the N of the diazo group is reduced to 
NH4+ and assimilated. In this case, the reduction of the diazo group serves two 
purposes, first it decolorizes the dye important environmentally, and second 
assimilates N locked in the diazo group. Other nitrogen sources support decolorization 
but moderately.  
 Decolorization of RBB by both the strains P26 and P12 occurs optimally at 
42 C˚ . These results were expected as most Pseudomonas aeruginosa strains are grow 
at 42 C˚  and likely to persist at this temperature. Lower decolorization at higher temp 
is very likely due to low color removal at a high temperature is attributed to low cell 
viability and thermal deactivation of the enzymes as reported by Chen et al. [94].  
Nachiyar and Rajkumar [188] reported that Ps. Putida epI degraded nematicide 
completely at 5 C˚ . However, Pseudomonas aeruginosa strains P26 and P12 neither 
grow nor decolorize RBB at 10°C and lower temperatures due to inactive cell mass.  
 Pseudomonas aeruginosa strains P26 and P12 decolorize RBB over a broad 
pH range (4-10). Pseudomonas aeruginosa strains P26 and P12 decolorize RBB 
optimally at pH 8-10. Strain P12 decolorizes RBB partially at pH 4 while strain P26 
decolorizes completely. Jain Yu et al. [85] reported that highest decolorization 
activity by Pseudomonas strain is found in a narrow pH range of 7-8. There are very 
few reports on the bacterial decolorization over a broad pH range.  Chen et al. 
reported pH range of 5.5-10 to be suitable for the Red RBN decolorization by A. 
hydrophila [94].  Sharp decline in decolorization occurs towards both ends of the pH 
range with a strong negative effect on the growth of bacteria. Pseudomonas 
aeruginosa P26 grows and decolorizes RBB even at pH 4. Bacterial decolorization at 
this low pH has not been reported yet.   
 There are many salts present in the wastewater of textile and dyeing effluents 
and NaCl being one of them. Therefore we evaluated growth of Pseudomonas 
aeruginosa and decolorization in the presence of NaCl salts. Salt tolerance capacity of 
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P12 is similar to Pseudomonas aeruginosa P26. Pseudomonas aeruginosa strains P26 
and P12 decolorize RBB completely in the presence of 0-5% NaCl while there is a 
marginal reduction in the decolorization at 7% NaCl. A strong negative effect 
occurred on the growth and decolorization at 10% NaCl. There are no reports 
available for the decolorization in the presence of 7% of NaCl by Pseudomonas 
aeruginosa strains. This provides evidence for the strains ability to grow and 
decolorize RBB at high salt concentrations and make them favorable for the treatment 
of effluents containing high salt concentration.  
 There are some azo dyes which contain heavy metal complex e.g. Acid red 
183 that has a mono azo bond in complex with chromium as its chromophore. Heavy 
metals are used for the synthesis of many dyes and therefore present in such effluents. 
Static cultures of Pseudomonas aeruginosa P26 decolorize RBB decolorization in the 
presence of various metals salts. RBB decolorized efficiently in the presence of metal 
salts at 100 ppm except mercury chloride and silver sulfate. These two metal salts 
inhibited decolorization by the virtue of their toxicity to the growth of Pseudomonas 
strains. Pseudomonas aeruginosa P26 tolerate 1000 ppm of metal salts but the 
decolorization is less. El-Naggar et al. have reported positive effect of cadmium ions 
and negative effect of copper, zinc and mercury on the rate of crystal violet 
decolorization and cell yield of Pseudomonas aeruginosa [214]. Our Pseudomonas 
aeruginosa P26 decolorizes RBB in the presence of 100 ppm of potassium 
dichromate, zinc sulfate, zirconium chloride, ammonium molybdate, cobalt chloride, 
copper sulfate, cadmium iodide, stannous chloride and sodium arsenate. Mercury is 
the most harmful heavy metal for the growth of Pseudomonas aeruginosa and crystal 
violet decolorization [214].  
Higher concentrations of dye negatively affect decolorization [213] but our 
Pseudomonas aeruginosa strains P26 and P12 decolorize the dye completely even at 
dye concentrations as high as 400 ppm. Similar to strain P23, strain P12 also 
decolorizes RBB at higher conc. Decolorization of RBB achieved by Pseudomonas 
aeruginosa P12 with initial dye concentration up to 400 ppm. Decolorization activity 
of Pseudomonas aeruginosa P12 increases with increases in the dye concentration, 
however at higher conc (≥320 ppm), decolorization and growth decreased moderately. 
Increase in biomass with the increased dye concentration indicates utilization of the 
dye as a substrate for the growth. There is a saturation effect when dye concentration 
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is ≥320 ppm as the amount of dye decolorized by the culture does not increase with 
increase in the initial dye concentration.  
The addition of special substrate, in a low concentration, enables the 
utilization of the compound by microcosms. Glucose, peptone, etc., can facilitate or 
stimulate the biodegradation of the toxic chemical and induce them into a cycle of 
metabolism. Gao et al. studied the capability of simple carbohydrates such as glucose 
to stimulate aerobic biodegradation of cis-dichloroethylene (cis-DCE); the results 
indicated that addition of glucose to aerobic microcosm containing soil material from 
each of there geographically distinct locations induced biotransformation of cis-DCE 
[215]. RBB serves as a good carbon source for Pseudomonas aeruginosa P12 but 
decolorization rate increases with addition of additional carbon sources like glycerol, 
glucose and succinic acid. Decolorization of RBB by Pseudomonas aeruginosa P12 in 
the presence of aromatic compounds enhances on the addition of such substrates. 
Succinic acid, glucose and glycerol as additional carbon sources are readily utilized 
by all Ps. putida strains [212]. Decolorization of RBB and growth of Pseudomonas 
aeruginosa P12 is low when aromatic compounds were supplemented without any 
additional carbon source. Glycerol followed by glucose, is the best carbon source for 
the decolorization and growth of P12. Pourbabaee et al. [209] reported that 
decolorization is dependent on the presence of additional carbon source while 
decolorization by Pseudomonas aeruginosa P12 is not dependent on the presence of 
other carbon source but is stimulated when other utilizable C source is present. 
Dye wastewater treatment and decolorization presents an arduous task. Wide 
ranges of pH, salt concentrations and chemical structures often add to the 
complications. Although decolorization is a challenging process to the textile 
industry, microbial decolorizing systems show great potential for achieving total color 
removal with only hours of exposure. Both strains of Pseudomonas aeruginosa P26 
and P12 show decolorization over broad pH, temperature range. The two strains also 
tolerate and even efficiently decolorize in the presence of high salt. The strain P26 
tolerates high metal concentrations to grow and decolorize. Both strains degrade dye 
in the presence of several carbon and nitrogen sources.  
The study fulfilled one of the important purposes with the isolation of aerobic 
and versatile dye degrading bacterial strains. The Pseudomonas aeruginosa strains 
appear to provide promising alternatives to replace or supplement present treatment 
processes for dye removal. The ability of the strains to grow and decolorize dyes in 
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the presence of salts, heavy metals, and aromatic amines further substantiate their 
potential for the treatment of dyeing and textile effluents that generally contain the 
aforesaid accessory chemicals. Pseudomonas aeruginosa strains P26 and P12 also 
decolorize the mixture of effluents within short time (within 24 h). Decolorization 
occurs till the organisms are able to grow. The nutrients entering the test system as 
part of inoculum are utilized by the strains within 24. When growth ceases in response 
to nutrient exhaustion, the cells also fail to decolorize the dye in the effluents. 
Therefore decolorization stopped after 24 h. Amount of biomass is higher when 50% 
inoculum used thus decolorization is also higher. Strains can survive but can’t grow in 
the mixture of effluents (sterile). 
We therefore suggest that the strains Pseudomonas aeruginosa P26 and P12 
are good candidates for developing a practical bioprocess for the treatment of dye-
containing wastewaters.  
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Degradation of Dyes by Resting cells of Pseudomonas 
Strains P23 and P26 
 
 
Introduction 
  
Interest in the pollution potential of textile dyes has been primarily prompted 
by concern over their possible toxicity and carcinogenicity. This is mainly due to the 
fact that many dyes are made from known carcinogens, such as benzidine and other 
aromatic compounds, all of which might be reformed as a result of microbial 
metabolism [216]. It has been shown that azo- and nitro-compounds are reduced in 
sediments [218] and in the intestinal environment [217], resulting in the regeneration 
of the parent toxic amines. Thus color removal, in particular, has recently become of 
major scientific interest, as indicated by the multitude of related research reports. 
During the past two decades, several physico-chemical decolorization techniques have 
been reported, few, however, have been accepted by the textile industries. Their lack 
of implementation has been largely due to high cost, low efficiency and 
inapplicability to a wide variety of dyes. The ability of microorganisms to carry out 
dye decolorization has received much attention. Microbial decolorization and 
degradation of dyes is seen as a cost-effective method for removing these pollutants 
from the environment. The most economically viable choice of all the available 
techniques for effluent treatment/decolorization, and the most practical in terms of 
manpower requirements and running expenses to adopt and develop, appears to be the 
biological systems. At present biological systems are known to be capable of dealing 
with BOD and COD reduction or removal through conventional aerobic 
biodegradation. 
5 
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 We have discussed decolorization of azo dyes by the cultures of strains P23, 
P26 and P12 in previous chapters. In this chapter we deal with decolorization of azo 
dyes by the resting cells of Pseudomonas strains P23 and P26.   
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Materials and Methods 
 
5.1 Microbial strains. Strains Pseudomonas P23 and Pseudomonas aeruginosa 
P26 isolated from dyeing industry at Jetpur, Gujarat, India were used. The cultures 
were grown on GPY medium and maintained at 4°C. 
5.2 Dyes. Selected dyes (Appendix-I) were used to study their decolorization by 
the resting cells of strains P23 and P26.  
5.3 Culture media and buffers 
 Glucose peptone yeast extract medium (GPY) contained g.L-1 glucose (10), 
peptone (5), and yeast extract (3) and pH was adjusted to 7 before sterilization 
 Succinate buffer (0.1 M, pH 5), phosphate buffer (0.1 M, pH 6-9) and 
ammonia buffer (0.1 M pH 10) were used for dye decolorization by the 
resting cells  
5.4 Resting cell preparation. A loop full of culture was inoculated to 5 ml of 
GPY medium and incubated at 37°C for 4-5 h under static condition. It was then 
transferred to 250 ml of Erlenmeyer flask containing 95 ml of GPY medium and 
incubated on rotary shaker (40 rpm) at 37°C for 18 h. This activated culture having 
OD600 of 1-1.6 was centrifuged at 9000 rpm for 15 min and pellet was resuspended in 
buffer. Cells were washed twice with respective buffer and resuspended in appropriate 
amount of buffer. Final OD600 of the resting cells was 8-10.  
5.5 Decolorization by resting cells of Pseudomonas P23. The decolorization of 
dyes by nongrowing cells was determined at pH 8. Cells were suspended 6 ml of 
phosphate buffer and respective dyes. Tubes containing 6 ml of buffer and dye served 
as dye control and cells suspended in 6 ml of buffer without dye served as growth 
control. Samples were collected after 24 h and analyzed spectrophotometrically for 
decolorization. After 24 h another dye was added after the first dye was decolorized 
completely except in the tube containing Remazol Turquoise Blue and incubated 
under static condition. Samples were collected after 48 and 72 h and analyzed.  
5.6 Decolorization by resting cells of Pseudomonas strains P23 and P26 at 
varying pH. Decolorization of RBB by nongrowing cells of strain P23 and P26 was 
determined in the pH range (5-10). 5 ml of resting cell preparation was added to 
sterile 20 ml of buffer and RBB in 250 ml of Erlenmeyer flask, and incubated at 37°C 
under static condition. Flask containing 25 ml of buffer and dye served as dye control 
and 20 ml buffer and 5 ml of resting cell preparation served as growth control. Sample 
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collection and analyzing procedure was same as described previously. Remazol 
Orange 3R (RO3R) was added after RBB decolorization and Reactive Black (RB) 
was added after decolorization of Remazol Orange 3R.   
5.7 Decolorization of mixture of effluents by resting cells of Pseudomonas 
P23. CETP effluent containing mixture of effluents was collected from Ahmedabad. 
The decolorization of mixture of effluents by nongrowing cells was determined at pH 
8, with resting cells of strain P23 harvested after 18 h. Cells were suspended in test 
tube containing 6 ml of phosphate buffer and this suspension was used as inoculum. 
Test tubes containing 4 ml of mixture of sterile and non-sterile effluents were 
inoculated with 4 ml of resting cell preparation and incubated under static condition at 
37°C. Sterility of the effluent was confirmed by streaking it on GPY agar plate. No 
growth was observed till 72 h on the plate. Rest of the procedure employed was as 
described elsewhere. 
5.8 Thin Layer chromatography. TLC plates Silica Gel 60 F254, layer thickness 
0.25 mm x 5 cm x 10 x cm (Merck K. GaA-64271, Darmstadt, Germany), coated on 
aluminium foil were used for thin layer chromatographic analysis.  
RBB decolorization by resting cells of strain P23 was carried out using 
phosphate buffer (0.1 M pH 8). The cell free supernatant obtained after 24 h of 
incubation was used for carrying out TLC. TLC plates were activated by heating at 
60°C for 30 min. The samples were resolved on TLC plates using n-butanol: acetic 
acid: water: methanol (5:0.1:1:1.5 v/v) as developing solvent. The resolved 
chromatogram was observed under natural light, short (254) nm and long UV (365 
nm).  
5.9 HPLC analysis. Decolorization of RBB by resting cell cultures of strain 
P23 was carried out using phosphate buffer pH 8. Cell free supernatants of treated 
samples obtained by centrifugation (9000 rpm, 15 min) were used for HPLC analysis. 
Samples were filtered through 0.22 µm nylon filter before injection and injection 
volume was 20 µl. Samples were analyzed using LichroCart Purospher Star RP-18e, 
150 x 4.6 mm; 5 µm with aqueous phase:acetonitrile (60:40 [v/v]) at a flow rate of 1 
ml.min-1. Products were detected at 275 nm UV detector.  
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Results 
 
5.5 Decolorization of dyes by resting cells of Pseudomonas P23. Resting 
cells of Pseudomonas P23 decolorized all the dyes completely within 24 h except 
Remazol Turquoise Blue that adsorbed on the cell surface [Figure 6.1.1 A]. Another 
dye added to the same resting cell suspension, was also decolorized completely within 
24 h [Figure 6.1.1 B]. Spectral changes in the test samples showed the disappearance 
of peak of respective dyes as compared with controls [Figure 6.1.2].  
5.6 Decolorization by resting cells of Pseudomonas strains P23 and P26 at 
varying pH. RO3R and RB were spiked sequentially after complete decolorization of 
the previous dye RBB and RO3R. RO3R (35 ppm) and RB (40 ppm) were 
decolorized completely by resting cells of Pseudomonas P23 suspended in various 
buffers (pH 6-10) [Figure 6.2.1]. 31 ppm of the third dye (RB) was decolorized within 
24 h at pH 6. RBB was decolorized completely within 72 h by the resting cells of 
Pseudomonas P23 at pH 10 however cells were deeply colored during first 24 h and 
then became colorless during next 48 h. There was no decolorization of RBB at pH 5, 
dye adsorbed on the cells.  
 Pseudomonas aeruginosa P26 showed similar results as Pseudomonas P23 but 
the strain P26 decolorized the three dyes only at pH 7.5 and 8 [Figure 6.3.1]. RBB, 
RO3R and RB were decolorized completely at pH 7.5, while at pH 8 only 30 ppm of 
the third dye RB was decolorized within 24 h. Resting cells of Pseudomonas 
aeruginosa P26 decolorized 35-36 ppm of RBB at pH 6, 7, and 9 within 48 h. Dye 
adsorbed the cells at pH 5 and 10 which was evident from the colored cell mates.  
 Spectral changes in the test samples illustrated the disappearance of the 
respective peak of dye compared with control. Increase in the color intensity in 72 h 
test samples were due to the pigment production by strain P26 [Figure 6.2.2, 6.3.2].  
5.7 Decolorization of mixture of effluents by resting cells of Pseudomonas 
P23. The mixture of effluents decolorized was completely by the resting cells of 
Pseudomonas P23 within 24 h [Figure 6.4]. The decolorization was faster in case of 
sterile effluent compared to non-sterile effluent but after 24 h, both effluents were 
completely decolorized. Spectral analysis showed the disappearance of the respective 
peak of effluent within 24 h.   
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Figure 6.1.1 A Decolorization of dyes by resting cells of Pseudomonas P23 B 
Decolorization of another dye added after complete decolorization of previous dye 
by resting cells of Pseudomonas P23  
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Figure: 6.1.2 Spectral analysis for decolorization of dyes by resting cells Pseudomonas P23 
(pH 8)  
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Figure 6.2.1 Sequential decolorization of RBB, RO3R and RB by resting cells of Pseudomonas 
P23 suspended in various pH buffers  
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Figure: 6.2.2 Spectral analysis for sequential decolorization of RBB, RO3R and RB by 
resting cells Pseudomonas P23 suspended in various pH buffers  
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Figure 6.3.1 Sequential decolorization of RBB, RO3R and RB by resting cells of Pseudomonas 
aeruginosa P26 suspended in various pH buffers  
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Figure: 6.3.2 Spectral analysis for sequential decolorization of RBB, RO3R and RB by resting 
cells Pseudomonas aeruginosa P26 suspended in various pH buffers  
48 h Control 24 h 1 h 72 h 
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Figure 6.4 Decolorization of mixture of effluents by resting cells of Pseudomonas P23 and 
spectral analysis for the decolorization of mixture effluents of by resting cells of Pseudomonas 
P23 (a) Decolorization of non-sterile effluent by resting cells of Pseudomonas P23 (b) 
Decolorization of sterile effluent by resting cells of Pseudomonas P23 (c) Spectral analysis for 
decolorization of sterile and non-sterile mixture of effluents  
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5.8 Thin Layer chromatography. Experiment was performed using resting 
cells of Pseudomonas P23. Results obtained (Plate 6.1) shows well separated spots of 
RBB, while in the treated sample complete disappearance of dye spots was found. 
The two spots found at 365 nm in treated samples were same as found in the treated 
sample without dye. It indicates degradation of RBB by resting cells of Pseudomonas 
P23 which causes decolorization. The spots represent Pseudomonas P23 cellular 
metabolites and are not dye degradation products.  
5.9 HPLC analysis. HPLC analysis of dye solution revealed the presence of 
12 peaks (retention time 1.42, 1.91, 2.7, 2.99, 3.85, 4.44, 5.2, 6.12, 7.40, 8.37, 10.23 
and 13.02) as impurities in dye Remazol Black B. The treated sample after 24 h 
showed only 4 peaks (retention time 1.33, 2.22, 2.56 and 3.34) which were similar to 
the peaks (retention time 1.36, 1.81, 2.51, 2.90 and 3.20) in the treated sample without 
dye [Figure 6.5]. Thus, the disappearance of the majority of peaks indicated complete 
degradation of RBB by resting cells of Pseudomonas P23 within 24 h.  
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Plate 6.1 TLC analysis for the decolorization of RBB by resting cells of Pseudomonas P23 A. 
254 nm B. 365 nm C. Negative image 365 nm  
The samples were labeled as  
1. Dye control [RBB + phosphate buffer (pH 8)]  
2. RBB solution [0.1% (w/v)]  
3. Treated sample after [phosphate buffer + dye + resting cells of Pseudomonas P23]  
4. Treated sample without dye [phosphate buffer + resting cells of Pseudomonas P23] 
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Figure 6.5 HPLC analysis for the decolorization of RBB by resting cells of Pseudomonas  
P23 [A] Dye solution [B] Treated sample after 24 h [C] Treated sample without dye after 24 h  
[A] 
[B] 
[C] 
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Discussion 
 
 Majority of colored effluents consist of dyes, released to the environment from 
textile, dyestuff, and dyeing industries. The physical and chemical methods have 
disadvantages of being highly expensive, coupled with the formation of large amount 
of sludge and the emission of toxic substances [28]. The general approach of 
bioremediation is to improve the natural degradation capacity of the native organisms. 
But azo dyes are xenobiotics and its degradation in nature is rather difficult. Moreover 
the anaerobic degradation of azo dyes produces aromatic amines, which are 
carcinogenic and mutagenic [31]. Hence the aerobic treatment is the only safe method 
for the biodegradation of textile azo dyes. A few studies have been conducted to 
identify bacterial species that are capable of aerobically degrading azo dyes.  
We discussed decolorization of dyes by whole cells of Pseudomonas strains 
P23, P26 and P12. It is difficult to provide all the laboratory conditions at industrial 
level for the decolorization of dyes. Therefore for the industrial application of these 
strains, it is important to check the efficiency of strains to decolorize the dyes under 
the conditions provided at industrial level. The present studies deals with the 
decolorization of dyes by resting cells of Pseudomonas strains P23 and P26. Non-
growing cells of Pseudomonas P23 decolorize a wide variety of structurally different 
dyes sequentially after decolorization of previous dye suggesting the non-specific 
enzyme(s) system.  Decolorization starts immediately on the addition of dye indicate 
that the enzyme(s) responsible for the decolorization is not inducible.  Pseudomonas 
P23 decolorizes various dyes within 24 h. The same resting cells decolorize the three 
dyes (RBB, RO3R, and RB) continuously after complete decolorization of previous 
dye even when cells were suspended in the buffer having varying pH (6-9). 
Decolorization activities by nongrowing cells of Ascomycete yeast strain at various 
pH values have been reported [125]. Resting cells of Pseudomonas aeruginosa P26 
decolorized continuously three dyes only when cells suspended in the buffer having 
pH 7.5-8 while it decolorized RBB at pH 6, 7, and 9. Alkaline pH is suitable for the 
decolorization activity of Pseudomonas aeruginosa P26 while Pseudomonas P23 
decolorizes all the three dyes continuously over a broader pH range. Resting cells of 
strains P23 and P26 do not decolorize at pH 5 but remove dye by adsorption.  
 153
The resting cells of Hydrogenophaga palleronii show greater decolorization 
activity compared to growing cells [219]. Yuanyuan Qu (2005) reported the 
decolorization of bromoamine by a newly isolated strain of Sphingomonas xenophaga 
QYY and its resting cells [220]. Recently, Salah Uddin (2007) reported decolorization 
of acid red B under highly saline condition by the resting and growing cells of salt 
tolerant bacterial strain Gracilibacillus sp. [221]. Best decolorization is observed 
when strain was grown in the media containing 15% of NaCl. There are no reports on 
the sequential decolorization of three dyes after complete decolorization of previous 
dye by the same resting cells. Each dye decolorized within 24-72 h; thus resting cells 
of strains P23 and P26 survive and decolorize up to 144 h.  
The Pseudomonas P23 applied on a lab scale for the treating effluent by the 
resting cells of Pseudomonas P23. Sterile and non-sterile the mixtures of effluents 
were treated with the resting cells of Pseudomonas P23 and result shows the complete 
decolorization of both effluents within 24 h.  
 The complete decolorization of RBB is evidence from the TLC analysis of 
dye solution and treated samples. Disappearance of the dye spots and no appearance 
of any new spot in the treated samples indicate the complete decolorization of RBB, 
which further evident from the HPLC analysis.   
HPLC analysis proved the complete degradation i.e. mineralization of RBB by 
the resting cells of Pseudomonas P23.  
Thus Pseudomonas P23 satisfied the requirement of the microbial strain 
applied for treating the effluents.  
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Summary of the Work and Conclusive Remarks 
 
 
Synthetic dyes are widely used in industries, for instance batik, cosmetics, 
food, leather, paper, textile, etc. The main pollution sources of these industries come 
from dyeing and finishing processes, which create a significant proportion of water 
pollution. Several tons of thousands of synthetic dyes are commercially available and 
large amounts of these compounds are spilled into the environment in the form of 
effluents released by the dyestuff and textile industries. The elimination of such dye-
containing effluents is mostly based on physical and chemical procedures, e.g. 
adsorption, concentration, chemical transformation and incineration. These methods 
are rather costly and produce hazardous byproducts, and therefore other alternatives, 
such as bioremediation, attract attention. However, dye compounds are not readily 
biodegradable and are typically not removed from water by conventional wastewater 
treatment systems. As regulations become more stringent, the need for innovative, 
efficient and economic processes to treat these effluents increases. As a consequence, 
there has been a growing interest in biotechnological processes.  
Biological means of dye degradation and removal from the effluents of dye 
and textile industries hold promises for meaningful addressing the problem, the 
method relies on success of finding out a suitable organism and designing of 
condition for the process.  
The effectiveness of microbial decolorization depends on the adaptability and 
the activity of selected microorganisms. Over the past decades, many microorganisms 
are capable of degrading dyes including bacteria, fungi, yeast etc. 
Fungal ligninolytic enzyme system is involved in the bio-oxidation of dye. 
However, the low pH requirement for an optimum activity of the enzymes and long 
hydraulic retention time for complete decolorization are the disadvantages of using 
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fungi. In addition, they may inhibit the growth of other useful microorganisms. Thus, 
large-scale applications of fungal decolorization have been limited.  
Most of dyes are reduced anaerobically to the corresponding amines. 
Decolorization occurs by adsorption of dyestuff on bacteria rather than oxidation in 
aerobic systems. Some anaerobic microorganisms can degrade dyestuffs by azo-
reductase activity. However, the effluent from biodegradation of dyestuff could be 
toxic. Besides, upon exposure of the anaerobic degradation products to oxygen, 
reverse colorization may take place. These problems limit the full scale application of 
anaerobic bacterial decolorization.  
A few studies have been conducted to identify bacterial species that are 
capable of aerobically degrading azo dyes. Thus present studies aimed for the 
isolation of aerobic bacterial strains efficient in the decolorization of structurally 
different dyes from effluents of dyeing and textile industries. It was expected that the 
heavily polluted sites near textile industries consists microorganisms capable to co-
exist with such high levels of pollutants. These microorganisms adapt to the new 
environment and are potential candidates to contribute in modifying the environment 
through their growth and function.  
Twenty six dye decolorizing bacterial strains were isolated from the effluents 
of dyeing and textile industries and petrol pump and garden soils. All the twenty six 
strains are Gram-negative. Most of them belong to Pseudomonadaceae family except 
some strains. These Pseudomonas strains differ in their colony characteristics and 
pigment production. Strains were selected on the basis of their ability to decolorize 
various dyes completely and rapidly over a broad pH and temperature ranges. 
Decolorization is a growth-associated process as decolorization increases with 
increase in biomass.  
Three potent dye degraders (P23, P26 & P12) were selected after primary and 
secondary screening on the basis of degradation of structurally diverse dyes even at 
their high concentrations in complex and chemically defined media under varying 
nutritional and environmental conditions.  These strains are identified as 
Pseudomonas strains according to Bergey's Manual of Systematic Bacteriology 
(1986) and 16s rRNA sequencing as Pseudomonas aeruginosa strains.  
 Non-pigmented Pseudomonas strain P23 isolated from the final stage of 
effluent treatment plant of dyeing and textile industries located in Jetpur decolorizes 
the azo, TPM and anthraquinone dyes within 3 h. Pseudomonas aeruginosa P26 and 
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P12 strains isolated from raw effluent of textile and dyeing industry Jetpur and Rajkot 
decolorize all these dyes to varying extent because of the structural differences. 
Growth and the dye decolorizing ability of Pseudomonas P23, P26 and P12 are not 
affected by the initial concentration of azo dyes. On the contrary, TPM dyes retard the 
growth of Pseudomonas strains and thereby interfere with their ability to decolorize. 
There does not exist any relationship between structural variability of azo dyes and 
their decolorizability by Pseudomonas P23 since the organism decolorized all the 
tested azo dyes having different constituents. The decolorization of monoazo and 
diazo dyes by Pseudomonas strains is similar. None of the Pseudomonas strain 
decolorizes the sulphonphthalein dyes.  Pseudomonas P23, P26 & P12 decolorize a 
wide range of synthetic dyes suggests that the key enzyme(s) responsible for the 
decolorization has a wide substrate spectrum and is highly non-specific.   
 Influence of various cultural, nutritional and environmental parameters on the 
dye decolorization has been studied. Among the three strains P23 is more efficient in 
decolorizing the dyes. Cultural parameters like age and size of inoculum affects the 
decolorization during initial hours. Decolorization activity and growth increases with 
increase in size of inoculum. GPY is best medium for growth and decolorization for 
the three Pseudomonas strains. B & H medium contains only ammonium nitrate and 
ferric chloride supported growth of P23 but not of P26 & P12 and decolorization 
albeit much slower. Static condition favors the decolorization compared to shaking 
condition by all the strains. However, strains P23 and P26 decolorize the dye 
completely within 24-48 h in both conditions but not P12.   
 Addition of a special readily utilizable substrate in a small amount, such as 
peptone, facilitates or stimulates dye degradation leading dye into a cycle of 
metabolism. As reported by Dong et al. peptone is the decisive factor and it enhances 
the activity of dye decolorization by Pseudomonas P23 significantly.   
 The nutritional requirements of a bacterium are revealed by the cell's 
elemental composition, which consists of C, H, O, N, S and P. Carbon is the main 
constituent of cellular material, one of the important sources of energy and carbon for 
the synthesis of structural components of cell. The Pseudomonas strains P23, P26 and 
P12 utilize a wide range of carbon and nitrogen sources. The strains decolorize dye 
even in the absence of carbon and nitrogen source provided evidence that the dye 
RBB is used as sole source of carbon and nitrogen. Organic nitrogen sources are more 
suitable for decolorization compared to inorganic nitrogen sources.  
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 Temperature and pH are important physical parameters affecting the metabolic 
activity of cell. Enzyme catalyzed processes are affected by incubation temperature 
and medium pH because enzymatic activity is temperature and pH specific. There are 
very few reports of bacterial decolorization over a broad range of temperature and pH. 
Pseudomonas P23 grows and decolorizes dyeing waste water over a broad range of 
temperature. Decolorization by all the three strains occur optimally at 42°C and pH 
(8-10) but growth is less indicate that the inoculum added in the medium is enough 
for complete decolorization and the conditions applied favor the decolorization 
reactions. Growth is not necessary factor for decolorization, it may happen that 
growth of organism may be less at particular temperature but dye decolorization may 
be effective.  
 Pseudomonas strains P23, P26 and P12 decolorize and tolerate high salt 
concentration up to 5%. Pseudomonas strains P23 and P26 decolorize the dye in the 
presence of heavy metal salts which make them more suitable for treating effluents 
containing heavy metals. Pseudomonas P23 decolorize the dye up to 2500 ppm while 
strain P12 decolorized up to 400 ppm. Increase in biomass with the increased dye 
concentration accentuates utilization of the dye as a growth substrate for 
Pseudomonas P23. In case of strain P12, biomass decreases with increasing dye 
concentration.  
 Dyes used in the textile processing industry are often structurally diverse, and 
therefore the effluents from the industry are markedly variable in composition. 
Pseudomonas P23 also decolorizes mixture of dyes efficiently.  
 Spectral analysis for the decolorization of dyes gives a clear cut evidence of 
degradation of dyes as the peak of respective dye in control gradually decreased and 
disappeared. In some cases, dye adsorbed onto the cells.  
Pseudomonas aeruginosa P12 decolorize RBB in the presence of aromatic 
hydrocarbons. Pseudomonas aeruginosa P12 is not dependent on the presence of 
other carbon source but is stimulated when other utilizable C source is present. RBB 
is good source of carbon but decolorization rate increases in the presence of substrates 
like glucose, glycerol and succinic acid.  
 Pseudomonas aeruginosa strains P26 and P12 decolorize also the mixture of 
effluents. Decolorization occurs till the organisms are able to grow. The nutrients 
entering the test system as part of inoculum are utilized by the strains within 24. 
When growth ceases in response to nutrient exhaustion, the cells also fail to 
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decolorize the dye in the effluents. Therefore decolorization stopped after 24 h. 
Amount of biomass is higher when 50% inoculum used thus decolorization is also 
higher. Strains can survive but can’t grow in the mixture of effluents (sterile). 
 Non-growing cells of Pseudomonas P23 decolorize a wide variety of 
structurally different dyes sequentially after decolorization of previous dye suggesting 
involvement of non-specific enzyme(s) system.  Decolorization starts immediately on 
the addition of dye indicate that the production of enzyme(s) responsible for the 
decolorization occurs before the culture is exposed to dyes and therefore dyes are not 
responsible for the induction of these.   
 .Alkaline pH is suitable for the decolorization activity of Pseudomonas 
aeruginosa P26 while Pseudomonas P23 decolorizes all the three dyes continuously 
over a broader pH range. There are no reports on the sequential decolorization of 
three dyes after complete decolorization of previous dye by the same resting cells. 
Each dye is decolorized within 24-72 h; thus resting cells of strains P23 and P26 
survive and decolorize up to 144 h. Sterile and non-sterile mixtures of effluents were 
completely decolorized by Pseudomonas P23 resting cells within 24 h.  
The complete decolorization of RBB is evidenced from the TLC and HPLC 
analysis of dye solution and treated samples. Disappearance of the dye spots and lack 
of appearance of a new spot in the treated samples indicate complete degradation and 
decolorization of RBB.  HPLC analysis also provided convincing evidence of the 
complete degradation i.e. mineralization of RBB by the resting cells of Pseudomonas 
P23.  
Pseudomonas P23 decolorize RBB in the absence of any carbon and nitrogen 
sources provided evidence of utilization of RBB as a sole source of carbon and 
nitrogen. Complete degradation of RBB is confirmed by HPLC analysis. Vanishing of 
respective peaks of RBB from the treated sample and appearance of the same peaks 
those present in the treated sample without dye provided convincing evidence of 
complete degradation. These three lines of evidences clearly suggest the 
mineralization of RBB.   
 Textile processing industries use a wide range of structurally diverse dyes 
therefore effluents from textile industry are extremely variable in composition [45]. 
Wastewater consisting thousands of dyes makes its decolorization a difficult task. 
Wide range of pH, salt concentrations and heterogeneous chemical structures often 
add to the difficulties for its treatment. Although decolorization is a challenging 
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process to the textile industry, microbial decolorizing systems show great potential for 
achieving total color removal with only hours of exposure.   
We therefore suggest that the strains Pseudomonas P23, P26 and P12 are good 
candidates for developing a practical bioprocess for the treatment of dye-containing 
wastewaters.  
An understanding of the enzymology of dye degradation will further enhance 
the efficiencies of these processes towards its successful application. Application of 
modern molecular biology techniques for cloning and over-expression is expected to 
enter the field of dye degradation by biological means, with significant impact on it. 
 
 
